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PREFACE 

During  some  twenty-five  years*  experience  as  a  tinctorial 
chemist,  first  in  the  works  and  later  in  a  School  of  Technology, 
the  author  has,  particularly  during  recent  years,  had  frequent 
cause  to  regret  the  lack  of  a  manual  on  the  Bleaching  and 
Dyeing  of  the  Vegetable  Fibrous  Materials  which,  whilst  compre- 
hensive and  up-to-date,  is  sufficiently  concise  and  obtainable  at 
a  price  within  reach  of  the  student  and  of  the  younger  bleacher 
and  dyer. 

The  leading  coal-tar  colour  manufacturers  have  issued  excellent 
hand-books  on  this  subject,  but  naturally  each  of  these  works 
deals  only  with  the  properties  and  modes  of  application  of  the 
products  of  one  particular  firm ;  a  comparison  of  the  materials 
supplied  and  the  methods  recommended  by  the  diflferent  manu- 
facturers, thus  in  any  case  necessitating  the  expenditure  of  a 
considerable  amount  of  time.  Such  a  comparison  is  indeed 
frequently  impossible  because  fairly  complete  sets  of  these  hand- 
books are  rarely  available,  especially  for  the  use  of  the  junior 
employees  in  works. 

In  the  present  manual  the  author  has  endeavoured  to  describe 
all  the  practicable  methods  which  have  been  proposed  in  connec- 
tion with  bleaching  and  dyeing,  so  that  diflferent  methods  of 
applying  the  same  dyestuflfs  are  frequently  quoted.  These  alter- 
native methods  are  intended  for  the  intelligent  consideration  of 
the  student,  and  it  is,  of  course,  not  suggested  that  the  dyer 
should  lightly  discard  a  process  which  he  is  using  successfully  in 
favour  of  another  which  is  here  described ;  a  change  in  works' 
practice  of  this  kind  should  never  be  made  without  the  most 
careful  study,  both  practical  and  theoretical,  of  the  relative 
advantages  and  disadvantages  of  the  methods  concerned.  At 
the  same  time  it  is  hoped  that  the  presentation  side  by  side 
of  various  alternative  methods  may,  in  many  cases,  prove 
advantageous  to  the  dyer  by  providing  him  with  suggestions 
which  he  can  apply  to  his  ow'n  experience  ;  he  may  thus  perceive 
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how  his  own  processes  and  methods  can  be  usefully  modified,  by 
combining  different  methods,  or  by  adapting  parts  of  other 
processes  to  his  own. 

A  ready  means  of  comparing  the  various  methods  in  use  is 
of  particular  importance  in  connection  with  the  application  of 
the  modern  sulphur  and  vat  dyestuffs;  the  modes  of  applying 
the  dyestuffs  of  different  makers  vary  very  considerably  in  these 
classes  and  success  or  failure  often  depends  upon  the  particular 
method  used. 

In  order  to  prevent  the  work  from  becoming  unduly  bulky  and 
costly  only  such  information  as  is  absolutely  essential  is  included. 
The  author  fully  recognises  that  a  thorough  training  in  physics, 
chemistry  and  mechanics  is  essential  to  an  intelligent  under- 
standing of  the  processes  dealt  with.  He  does  not,  however, 
consider  it  within  the  scope  of  this  practical  manual  to  deal 
with  the  purely  scientific  aspect  of  the  matter.  The  chemicals 
and  mordants  actually  used  in  practice  are  stated  in  alpha- 
betical order  with  the  necessary  cross-references.  The  artificial 
organic  dyestuffs  are  stated  in  the  same  way,  and  are 
classified  according  to  their  chief  methods  of  application.  In 
order  to  obviate  unnecessary  repetition  of  methods  of  applica- 
tion, numbers  and  letters  are  placed  in  front  of  the  names  of 
dyestuffs,  indicating  the  principal  method  or  methods  by  means 
of  which  each  is  applied  and  after-treated.  A  ready  means  is 
thus  provided  for  ascertaining  which  dyestuffs  of  different 
makers  can  be  used  in  combination  and  by  the  same  method  of 
dyeing. 

In  the  section  dealing  with  the  machinery  used  in  bleaching 
and  dyeiiig,  photographs  of  actual  machines  are  discarded  as 
being  of  little  educational  value  ;  and  in  their  place  sections  of 
the  machines  are  given  so  as  to  show  the  essential  working  parts. 
A  number  of  the  diagrams  illustrating  this  section  are  printed 
in  two  colours  in  order  to  secure  greater  clearness  and  intelligi- 
bility ;  the  author  is  especially  indebted  to  the  publishers  for 
accepting  this  expensive  feature  of  the  work. 

Whenever  possible  the  dimensions,  speeds,  working  capacities, 
and  the  power  necessary  for  driving  the  machines  are  given, 
because  it  is  often  diflScult  to  obtain  information  upon  these 
important  questions. 

The  author  wishes  to  express  his  indebtedness  to  Professor 
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Raphael  Meldola,  P.R.S.,  for  his  kindness  in  writing  an  Intro- 
duction to  the  book,  to  the  various  engineering  firms,  to  the 
coal-tar  colour  manufacturers,  and  to  some  friends  for  the 
willingness  with  which  they  have  placed  information  at  his 
disposal. 

He  also  wishes  to  thank  Mr.  W.  P.  A.  Ermen,  M.A.  (Cantab.), 
and  Mr.  W.  H.  Pennington,  F.C.S.,  for  reading  the  proofs, 
and  Mr.  F.  W.  Bailey  for  his  assistance  in  preparing  the  photo- 
micrographs. 

In  the  first  issue  of  a  work  of  the  detailed  character  of  the 
present  one  it  is  impossible  to  avoid  slips  or  omissions.  The 
author  will,  therefore,  be  indebted  to  his  readers  for  pointing 
out  any  such  errors,  and  he  will  endeavour  to  use  such  informa- 
tion in  the  preparation  of  a  future  edition. 


J.  H. 


Municipal  School  of  Technology, 

Victoria  University  of  Manchester, 

1912. 


INTRODUCTION 

The  branch  of  Technology  dealt  with  by  Mr.  Hiibner  in  the 
present  volume  may  be  regarded  as  typical  of  those  industries 
which  are  immediately  dependent  for  their  development  upon 
scientific  and  especially  upon  chemical  research.  In  no  subject 
has  there  been  such  revolution  in  practice  as  has  been  brought 
about  in  tinctorial  art  by  the  introduction  of  the  coal-tar  colour- 
ing matters.  A  state  of  what  may  in  chemical  language  be 
described  as  lahUitii  has  been  infused  into  this  great  adjunct  of 
the  textile  industries  from  the  very  beginning  of  Perkin's  pioneer- 
ing work  in  1856,  and  has  extended  to  the  present  time  when 
fresh  discoveries  are  constantly  placing  at  the  disposal  of  the 
dyer  new  materials  requiring  new  or  modified  methods  of  applica- 
tion. In  view  of  this  continually  swelling  list  of  available 
dyestuflfs,  of  the  constant  displacement  of  the  old  by  newer 
colouring  matters,  and  of  the  accompanying  development  of  the 
mechanical  plant  necessary  for  their  application  on  the  large 
scale,  no  existing  text-book  or  manual  can  be  regarded  as 
representing  the  final  state  of  the  industry.  The  large 
and  more  costly  standard  works  necessarily  require  much 
time  for  revision,  and  when  their  latest  edition  appears  they 
have  already  been  more  or  less  outstripped  by  the  march  of 
discovery. 

The  aim  of  Mr.  Hiibner's  book  is  to  bridge  the  gap  between 
these  standard  and  expensive  works  and  the  technical  publications 
in  which  new  discoveries  are  described  ;  in  other  words,  to  place  in 
the  hands  of  his  readers  a  concise  but  comprehensive  practical 
account  of  the  existing  state  of  the  industry  in  such  compact  and 
wieldy  form  that  it  can  be  kept  up  to  date  without  undue  delay 
in  the  issue  of  successive  editions.  There  can  be  no  doubt  as  to 
the  necessity  for  such  a  compilation  as  is  now  placed  at  the 
disposal  of  bleachers  and  dyers.  The  author^s  recognised  expert 
knowledge  of  his  subject  and  his  long  experience  as  a  teacher  are 
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sufficient  guarantee  that  the  industry  for  which  he  is  catering 
will  profit  greatly  by  his  labours  both  from  the  point  of  view  of 
the  teacher  and  student  as  well  as  from  that  of  the  worker  in  the 
bleach-house  or  the  dye-shed. 

There  are  certain  aspects  of  the  treatment  of  the  subject 
adopted  by  the  author  of  the  present  work  which  merit  special 
consideration.  In  the  first  place  it  will  be  seen  that  the  dominat- 
ing idea  is  practicability ;  from  cover  to  cover  it  will  be  found 
that  the  needs  of  the  technologist  have  been  kept  primarily  in 
view.  To  those  who  are  familiar  with  the  subject  from  the  purely 
chemical  side  the  result  may  at  first  sight  appear  startling — nay, 
unscientific.  The  classification  of  the  colouring,  matters  accord- 
ing to  chemical  type —unquestionably  sound  though  it  be — 
disappears  un  ler  the  present  scheme,  and  compounds  of  the 
most  heterogeneous  types  are  grouped  together.  Of  course  the 
industry  recognises,  and  has  long  recognised,  such  classification 
as  the  only  practical  one.  But  there  is  no  real  conflict  between 
science  and  practice  ;  it  is  simply  a  case  of  regarding  the  same 
subject  from  two  diflferent  but  not  necessarily  antagonistic  points 
of  view. 

The  practical  dyer  wants  in  the  first  place  shade,  and  in  the  next 
place  a  colouring  matter  that  can  be  applied  to  the  fabric  in  some 
particular  way  to  meet  the  special  requirements  of  the  case.  It 
matters  not  to  him  whether  the  blue  or  red  is  a  derivative  of 
triphenylmethane,  an  azo-compound,  an  azine,  a  thiazine  or  an 
oxazine,  so  long  as  it  gives  the  desired  shade  under  the  particular 
conditions  of  application  necessary  for  the  special  class  of  fabric 
with  which  he  has  to  deal.  The  classification  of  first  importance 
in  the  industry  is,  therefore,  according  to  mode  of  application — 
whether  the  dyestuff  is  basic  or  acid,  "substantive,"  or  "  vat '* 
and  so  forth.  Under  this  scheme  the  practical  worker  knows 
at  once  where  to  look  for  a  particular  group,  and  having 
found  the  group,  then  the  sub-classification  gives  him  the  list 
of  available  colouring  matters  under  their  various  shades. 
Such  scheme  of  classification  is  obviously  as  sound  technically 
as  is  the  classification  according  to  chemical  type  sound 
scientifically.  The  kind  of  information  which  the  colourist 
requires  is  no  more  furnished  by  the  chemical  classification 
than  is  the  chemical  structure  indicated  by  the  technical 
classification. 
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In  view  of  these  considerations  it  is  unnecessaiy  to  dwell  at 
length  upon  the  practical  advantages  of  the  treatment  which 
Mr.  Hiibner  has  found  it  necessary  to  adopt.  It  may,  however, 
be  pointed  out  that  as  one  special  feature  of  this  treatment  it  has 
enabled  the  author  to  achieve  within  small  compass  what  has 
hitherto  necessitated  laborious  comparisons  of  trade  catalogues 
and  circulars  and  technical  publications,  viz.,  the  co-ordination 
of  methods  of  application  in  cases  where  several  alternative 
methods  are  available.  The  importance  of  this  knowledge  to  the 
practical  dyer  is  recognised  by  the  author  in  his  Preface,  and  it 
cannot  be  too  strongly  emphasised. 

More  especially  will  the  value  of  such  co-ordination  be  realised 
in  connection  with  the  group  of  sulphur  dyestuflfs — a  group  with 
the  remarkable  history  of  having  passed  within  the  course  of  a 
few  years  from  a  position  of  comparative  insignificance  to  one  of 
enormous  importance.  Within  a  period  of  less  than  a  decade 
the  rapid  development  of  these  colouring  matters  has  enabled  the 
author  to  give  a  list  of  over  240  distinct  compounds  of  various 
shades. 

With  respect  to  the  machinery  in  use  for  bleaching  and  dyeing 
operations,  the  plan  of  giving  diagrammatic  sections  instead  of 
pictures  must  strongly  commend  itself  to  all  who  have  occasion 
to  use  this  book.  Many  works  in  other  branches  of  technology 
which  have  come  under  the  writer's  notice  have  lost  consider- 
ably in  value  through  failing  to  adopt  this  plan.  A  figure  of  a 
complex  machine,  unless  the  student  has  access  to  a  dissectable 
model,  gives  a  very  inadequate  idea  of  the  construction  of  the 
hidden  working  parts.  Explanations  of  the  working  by  textual 
descriptions  of  the  figures  without  the  aid  of  diagrammatic 
representation  are,  even  with  the  most  lucid  writers,  often  obscure 
and  sometimes  misleading.  A  collection  of  pictures  showing  the 
various  types  of  machines  in  use  in  some  particular  industry, 
however  much  the  descriptions  are  belaboured,  frequently  results 
in  the  production  of  what  might  more  fairly  be  described  as  a 
kind  of  elaborated  illustrated  trade  catalogue  rather  than  a 
technological  work.  Mr.  Hiibner,  as  will  be  seen  from  the  follow- 
ing pages,  has  completely  avoided  this  danger  and,  as  a  feature 
which  is  unique  in  the  illustration  of  English  works  on  the 
present  subject,  has  made  the  general  working  particularly  plain 
to  the  student  by  showing  in  red  the  actual  course  of  the  fabric 
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through  the  various  machines.  The  practical  value  of  the  book 
is  by  this  device  considerably  enhanced. 

One  other  point  suggests  itself  in  connection  with  the  present 
contribution  to  technological  literature.  In  this  volume,  which 
is  avowedly  practical,  no  place  is  given  to  theoretical  considera- 
tions in  connection  with  any  part  of  the  subject.  As  a  question 
of  educational  policy  this  total  omission  of  theory  may  possibly 
be  challenged.  It  may  be  well  to  point  out  therefore  that  the 
author,  while  strictly  limiting  himself  to  his  own  programme,  by 
no  means  implies  that  scientific  or  theoretical  treatment  is  to  be 
discountenanced.  He  has  simply  omitted  theory  as  being  outside 
the  scope  of  his  particular  treatment  of  the  subject.  In  this  he 
has  certainly  adopted  a  sound  policy,  for  there  is  no  more  lament- 
able display  of  shallowness  in  the  treatment  of  scientific  subjects 
than  is  to  be  found  in  many  technological  works  whose  authors 
have  thought  it  necessary  to  give  a  preliminary  smattering  of 
physics,  chemistry,  etc.,  by  w^ay  of  introduction  to  their  main 
topic.  Mr.  Hiibner  knows  the  theoretical  side  of  this  industry 
as  well  as  anybody,  but  he  has  not  thought  it  necessary  to  deal 
with  this  aspect  here. 

It  may  perhaps  be  urged  that  from  the  purely  practical  stand- 
point the  student  undergoing  training  for  this  industry  need  not 
be  troubled  with  theoretical  notions.  No  sound  educationalist 
would,  however,  support  this  contention.  The  introduction  of 
theory  into  practice  has  a  healthy  leavening  influence,  and  in  the 
present  case  would  have  the  effect  of  preventing  the  student  from 
regarding  this  work  as  a  mere  collection  of  workshop  recipes  or 
practical  "  tips '' — the  very  last  use  to  which  the  author  intends 
the  book  to  be  put.  If  the  student  desires — as  he  should  be 
encouraged  to  desire — to  follow  the  developments  of  theory  in 
relation  to  dyeing  processes  his  wants  are  catered  for  by  other 
recognised  publications.  The  present  treatment  of  the  subject  is 
not  to  supersede  but  to  superadd  to  the  scientific  treatment.  It 
will  be  seen,  in  fact,  that  even  at  the  outset,  as  in  the  chapters 
dealing  with  water  and  the  chemicals  and  mordants,  some  know- 
ledge of  the  principles  of  chemical  science  is  assumed.  It  may 
be  asserted  as  a  general  principle,  which  is  unfortunately  too 
often  overlooked  in  this  country,  that  the  preliminary  scientific 
education  of  the  student  of  technology  in  those  subjects  bearing 
upon  his  industry  cannot  be  too  desp.     The  sounder  the  scientific 
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training  the  better  the  result  in  the  direction  of  specialisation  in 
the  school  of  technology.  Such  a  work  as  that  by  Mr.  Hiibner 
now  commended  to  the  reader  will  exert  a  beneficial  influence 
upon  the  branch  of  industry  for  which  it  caters  directly  propor- 
tional to  the  chemical  and  mechanical  attainments  of  the  student 
who  uses  it. 

Baphael  Meldola. 
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Vegetable  Fibrous  Materials 


PART    I 

THE    VEGETABLE    FIBRES 

Cotton. 

Cotton  conaiBts  of  ultimate  white  or  yellowish  coloured  fibres 
which  cover  the  seeds  of  the  various  species  of  the  cotton  plant, 
Gossypium,  belonging  to  the  natural  order  of  MalvacesB.  There 
are  a  number  of  varieties  of  cotton  plants.  The  following  are 
the  principal  species: — 

(1)  Gossypium  Barbadense. — This  yields  the  valuable  long 
silky-haired  Sea  Island  cotton. 

(2)  Gossypium  herbaceum. — It  yields  the  short-stapled  Egyp- 
tian, the  Madras,  the  Surat,  and  some  American  cottons. 

(3)  Gossypium  Peruvianum, — This  produces  the  long-stapled 
Brazilian  and  Peruvian  cottons. 

(4)  Gossypium  arboreum, — Is  a  perennial  tree  which  yields 
the  Indian  cotton  (tree  cotton). 

The  Egyptian  cotton  and  a  large  portion  of  the  cotton  coming 
from  the  United  States  are  obtained  from  Gossypium  hirsutum, 
a  variety  of  Gossypium  Barbadense. 

The  length  of  the  cotton  fibre  is  15 — 50  mm.,  the  width 
0*01 — 0*04  mm.  It  is  a  simple,  ribbon-like  fibre,  tapering  and 
closed  at  one  end,  whilst  the  other  end  by  which  it  was  attached 
to  the  seed  is  much  wider  and  irregularly  torn.  It  is  opaque, 
always  more  or  less  spirally  twisted,  with  thickened  side  walls 
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and  irregakr  markings  od  the  Burface.  The  fully  developed  or 
ripe  cotton  fibre  (Fig.  1 )  ia  tubular ;  during  the  process  of 
ripening  the  tube  collapses,  and  at  the  same  time  the  fibre  becomes 
spirally  twisted ;  this  is  clearly  shown  in  the  irregular,  generally 
oval  sections.     The  canal  frequently  contains  granules. 

Unripe  cotton  fibres,  known  as  "  dead  cotton  "  (Fig.  2),  are 
also  ribbon-like,  but  much  wider  than  ripe  cotton,  more  trans- 
parent, flatter  in  appearance,  and  irregularly  folded.  They 
possess  no  central  canal  and 
exhibit  little  affinity  for  colouring 
matters.  They  may  he  seen  in 
dyed  pieces  as  white  specks. 

The  cotton  fibre  consists  of 
nearly  pure  cdhilosc  It  con- 
tains about  5  per  cent,  of  im- 
purities, consisting  of  colouring 
matter,  pectic  substances,  cotton 
wax,  cotton  oil,  albuminous  matter, 
and  ash. 

CeUHioge.^Cellulose  is  a  carho- 
hydrate,  having  the  empirical 
composition  CeHiaO^.  It  always 
contains  in  the  air-dry  condition 
a  certain  amount  of  water  (hygro- 
scopic moisture),  which  varies  from 
6  to  10  per  cenL 

Cellulose  is  insoluble  in  water, 

but  A.  Schenrer  found  that  the 

Fig.  1.— Cotton  (x  100  diam.).      fibre    is    considerably    weakened 

when    heated    with  water  under 

pressure  to  150°  C.      Steaming  for  a  prolonged  period  also 

attacks  the  cellulose. 

The  chief  solvents  for  cellulose  are  concentrated  solutions  of 
zinc  chloride  and  ammoniacal  cupric  oxide  (Schweizer's  reagent). 
The  latter  solution  is  very  largely  employed  in  the  manufacture 
of  artificial  silk  (Pauly,  Bronnert,  and  Thiele  silk).  In  the 
water-  and  rot-proofing  of  canvas  and  paper  (Willesden  goods) 
the  material  is  passed  through  a  solution  of  ammoniacal  cupric 
oxide. 
Concentrated  sulphuric  acid  exerts  a  "  hydrating  "  action  on 
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cellulose  similar  to  that  of  mercerising,  but  ultimately  the 
fibres  are  converted  into  a  gelatinous  mass  (amyloid),  which 
on  precipitation  with  water  yields  amorphous  (**  hydrated") 
cellulose.  Bernard  Erraen  patented  a  machine  for  treating 
cotton  yarn  with  sulphuric  acid.  The  result  is  the  production 
of  a  stiff  and  somewhat  smooth  product  not  unlike  horse- hair. 

Knecht^  found  that  concentrated  nitric  acid  exerts  a  mercerising 
action,  that  cotton  treated  with  strong  nitric  acid  and  washed 
under  tension  acquires   a   lustre 
and    that   it   exhibits   a   greater 
affinity  for  the  substantive  cotton 
dyestufifs. 

Cotton  treated  with  mixtures  of 
strong  nitric  and  sulphuric  acid 
is  converted  into  highly  explosive 
cellulose  nitrates  (nitro  celluloses), 
i.e.,  gun-cotton,  iniroxylin,  collodion- 
wool.  Solutions  of  these  nitrates 
are  largely  employed  in  the  manu- 
facture of  artificial  silk  (Char- 
donnet  silk).  It  has  also  been 
suggested  to  employ  these  solu- 
tions for  the  coating  of  cotton 
fabrics  in  order  to  make  certain 
finishes,  such  as  the  Schreiner 
finish,  more  permanent. 

Weak  mineral  acids  have  prac- 
tically no  effect  on  cotton,  but  if 
cotton  impregnated  with  the  acid 
is  dried  it  becomes  "tendered.*' 
At    ordinary    temperatures    this 

tendering  may  only  become  marked  after  a  considerable  length  of 
time,  whilst  when  dried  at  high  temperatures  the  fibre  is  rapidly 
destroyed,  due  to  the  formation  of  liydrocellnlose.  Salts  which 
are  liable  to  dissociate,  such  as  the  chlorides  of  magnesium, 
aluminium,  etc.,  may  produce  the  same  effect  (see  under  "  Bleach- 
ing"). Scheurer  has  shown  that  oxalic  acid,  citric  acid,  and 
tartaric  acid  in  dilute  solutions  do  not  attack  cellulose  appreciably, 
but  when  dried  and  subsequently  steamed  the  fibre  is  tendered. 


Fig.  2. — Unripe  (dead)  Cotton 
(X  lOOdiam.). 


*  Journ.  Soc,  Dytrs  and  Colourists,  XII.,  p.  89,  1890. 
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Knecht  has  shown  that  oxalic  acid,  when  dried  on  cotton  fabrics, 
is  capable  of  forming  fonnylceUulose. 

Cross,  Bevan,  and  Traquair  state  that  formic  and  acetic  acid, 
except  when  in  the  pure  state,  do  not  affect  the  strength  of  the 
cotton  fibre.  A  number  of  patents  have  been  taken  out  for  the 
manufacture  of  acetylcelluloscHy  some  of  which  are  soluble  in 
alcohol,  others  in  acetone.  Small  quantities  of  an  artificial 
silk  (Acetate  silk)  made  from  these  products  have  been  brought 
into  the  market. 

Cross,  Bevan,  and  Beadle  discovered  that  cellulose  which 
has  been  treated  with  strong  caustic  soda  lye,  if  afterwards 
squeezed  and  treated  with  carbon  bisulphide,  forms  a  soluble 
compound.  Viscose  (cellulose  xanthate).  The  compound  is 
soluble  in  water,  from  which  solution,  by  the  addition  of  acids, 
common  salt,  alcohol,  zinc,  or  magnesium  sulphate,  a  **  hydrated" 
cellulose  is  precipitated.  Viscose  is  now  very  largely  used  in 
the  manufacture  of  an  artificial  silk  (Viscose  silk,  Courtauld  silk). 
It  may  also  be  employed  in  the  sizing  of  cotton  goods,  in  calico 
printing  for  fixing  pigment  colours,  in  the  sizing  of  papers,  in 
the  manufacture  of  book  cloth  and  wall  papers. 

Powerful  oxidising  agents  convert  cellulose  into  oxy cellulose. 
Tlie  action  is  frequently  accompanied  by  tendering  of  the 
cotton  fibre.  Oxycellulose  may  be  formed  in  bleaching  with 
the  hypochlorites,  especially  when  strong  solutions  are  used 
and  when  some  parts  of  the  material  are  exposed  to  the  action 
of  the  air,  after  impregnation  with  the  bleaching  liquor. 

Cotton  may  also  be  converted  into  oxycellulose  and  tendered 
during  boiling  with  caustic  soda  or  lime,  especially  when  parts 
of  the  goods  are  allowed  to  become  dried.  W.  Thomson,  Higgins, 
Briggs,  and  others  have  shown  that  cotton  and  linen  may  become 
tendered  during  bleaching  by  reason  of  the  presence  on  the 
fibres  of  finely- divided  copper  or  brass  from  the  lubricating  oil. 
Lead  peroxide,  formed  by  the  action  of  hypochlorites  on  metallic 
lead,  sometimes  gives  rise  to  very  serious  tendering  if  the  cotton 
contaminated  with  lead  is  subjected  to  a  further  alkaline  boil. 

Oxycellulose  exhibits  a  greater  affinity  than  ordinary  cellulose 
for  the  basic  dyestuflfs,  such  as  Methylene  Blue,  but  less  aflfinity 
for  the  substantive  cotton  dyestuffs,  such  as  Erika,  etc.  The 
.property  of  dyeing  deeper  shades  than  cellulose  with  Methylene 
Blue  may  be  used  for  detecting  the  presence  of  oxycellulose  on 
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the  iibres.  Very  minute  quanLilies  of  oxycellulose  may  be 
detected  by  boiling  the  fibres  with  Fehling's  solution,  thia  being 
reduced  and  cuprous  oxide  precipitated  on  the  fibres. 

The  Action  of  Alkalies  on  Cdlidogc. — Cellulose  may  be  boiled 
in  solutions  of  alkaline  carbonates  without  any  appreciable 
eflfect. 

Boiling  of  cotton  with  caustic  lime  or  caustic  soda  solutions 
at  the  sti'cngths  usually  employed  in  the  kiers  does  not 
appreciably  affect  the  cotton  fibre, 
providing  that  air  is  excluded  and 
that  the  material  is  not  allowed 
to  become  dry  during  the  boiling 
operation,  When  the  toiling  lye 
is  discharged  from  the  kier,  water 
must  be  run  in  as  quickly  as 
possible  in  order  to  prevent  the 
cotton  from  becoming  dried  and 
tendered.  The  action  of  caustic 
soda  lye  and  other  agents  which 
produce  a  similar  effect  on  cotton 
will  he  more  fully  described  under 
"  Mereerij^ing,"  p.  141.  Fig.  8  is 
a  photo-micrograph  of  cotton 
fibres  which  have  been  mercerised 
under  tension. 

Linen. 

Linen  -is  the  bast  fibre  derived  Fio.  3.— Cotton,  mercorised 
«-«™  n.«  fl^^^i^.,*-    I-        .  ..   ■,   I-  under  tension  (x  100  diam.). 

from  the  flax  plant,  J..iniim  tisitatis-  ^  ' 

limum.      The  fibre  is  separated 

from  the  woody  portion  of  the  plant  by  the  retting  (fermentation 
of  the  pectose)  and  by  several  mechanical  operations,  such  as 
the  breaking,   sciitclniig  and  hrckliiig. 

The  retting  is  accomplished  either  by  steeping  tlie  tlax  in  stag- 
nant water,  by  steeping  in  running  water,  by  prolonged  exposure  of 
the  liax  in  a  moist  state  in  the  fields  (the  so-called  "  dew  retting  "), 
or,  finally,  by  employing  artificial  means,  such  as  a  boiling  weak 
solution  of  sulphuric  acid. 

According   to   A    Manual   of  Ityeing    (Kuecht,   liawson   and 


6  BLEACHING  AND  DYEING 

Loewenthal),  p.  42,  the  quality  and  the  chemicftl  coiuposilion 
of  the  flax  vary  considerahly  according  to  the  process  need  in 
retting.     Thus  a  flax  retted  by  the  Belgian  process   (steeping  in 
running  water)  contained  82'5  per  cent,  of  cellulose,  and  7'6  per 
cent,  of  sugar ;    while  one  obtained  by  retting  in  warm  water 
was  found  to  contain  88  to  89  per  cent,  of  cellulose,  and  only 
1  to  2  per  cent,  of  sugar. 
Viewed  under  the  microscope,  the  linen  Ebre  is  transparent, 
nearly  round,  tapering  at  each  end. 
The  cell  walls   are  thick  and  the 
central  canal,  the   sides  of  which 
are  parallel,  is  very  narrow,  some- 
times only  visible  as  a  black  line. 
The  fibre  frequently  exhibits  bulb- 
like  widenings   and   distinct  cross 
markings,    appearing    not    unlike 
bamboo  cane  {Fig.  4).     Its  length 
is  20—35  mm.,  and  the  width  0015 
— 0"025  mm.      The  linen  fibre  is 
stronger,   more    pliable,   and    less 
elastic  than  the  cotton  fibre.     It  is 
also  more  lustrous  and  a  better 
conductor  of  heat. 

The  raw  flax  fibre  contains  a 
much  larger  proportion  of  impuri- 
ties,   consisting    chiefly   of  pectic 
matters,  than  the  cotton  fibre,  but 
the  pure  fibre,  like  cotton,  consists 
of  cellulose. 
The  behaviour  of  linen  towards 
chemical  reagents  is  similar  to  that  of  cotton,  but  mercerising 
has  no  marked  effect,  especially  as  regards  the  lustre  of  the  fibre. 
Towards  colouring  matters  linen  behaves  like  cotton,  but, 
generally  speaking,   it   is   not  as  readily  penetrated  by  dyestufTs. 
Boiling  with  soda  ash  with  the  addition  of  soap  or  Turkey-red  oil 
is  to  be  recommended. 

The  tannin  bath,  when  mordanting  for  the  basic  dyestuffs, 
should  he  hot,  and  the  fibres  will  be  more  readily  penetrated  if 
a  small  quantity  of  Turkey-red  oil  is  added.  The  addition  of 
Turkey-red  oil  will  also  be  found  an  advantage  when  dyeing  with 


THE  VEGETABLE  FIBRES 


the  substantive  and  the  sulphur  dyestuffs  ;  the  quantity  of  salt  or 
Glauber's  salt  added  should  be  reduced,  whilst  that  of  soda  and 
of  sodium  sulphide,  when  dyeing  with  the  sulphur  dyestuflfs, 
should  be  proportionately  increased. 

In  order  to  obtain  thorough  penetration,  when  dyeing  heavy 
linen  piece  goods  in  the  indigo  vat,  it  is  best  to  use  the  ''  dipping 
frame." 

Thorough  washing  after  dyeing,  and  especially  after  souring,  is 
of  the  greatest  importance. 


Hemp. 

Hemp,  like  linen,  is  a  bast  fibre. 
It  is  obtained  from  the  hemp  plant, 
Cannabis  sativa.  Hemp  very 
closely  resembles  linen.  Its  micro- 
scopic appearance  is  also  similar 
to  that  of  linen,  but  the  fibres  are 
somewhat  thicker  and  coarser.  It 
is  seldom  bleached  and  dyed. 
Towards  colouring  matters  and 
chemical  agents  it  behaves  like 
linen. 

Chinagrass  (Bamie,  Bhea). 

The  Chinagrass  is  obtained 
from  the  bast  of  a  nettle,  the 
Boehmeria  nivea.  The  length  of 
the  fibre  is  120—200  mm.,  the 
diameter  0*04 — 0"08  mm. 

Microscopic  Characteristics. — The  fibre  is  smooth,  cylindrical, 
sometimes  more  or  less  flattened  and  striated  (Fig.  5).  The  canal 
is  wide,  and  the  ends  of  the  fibres  are  rounded  or  lance-shaped. 

It  possesses  a  silk-like  gloss,  which  is,  however,  affected  by 
bleaching  and  dyeing.  In  order  to  preserve  the  lustre  and  the 
soft  feel  after  bleaching,  the  material  is,  if  possible,  finally  soaped 
or  treated  with  a  very  weak  solution  of  glycerine. 

Chinagrass,  in  its  behaviour  towards  colouring  matters,  very 
closely  resembles  cotton.     The  basic  dyestuffs  on  tannin  mordant. 


Fig.   5. — Chinagrass    (x     100 
diam.). 
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and  the  substantive  dyestufFB,  may  be  dyed  on  GhinagraBB  without 
affecting  its  lustre.  The  Alizarines,  in  the  dyeing  of  which 
Turkey-red  oil  is  used  as  a  mordant,  catechu  brown,  indigo, 
and  logwood  black,  the  miDeral  colouring  matters,  such  as 
chrome  yellow  and  iron-bufif,  are  not  used  in  dyeing  Chinagrass, 
because  they  destroy  the  natural  lustre  and  the  softnesB  of  the 
fibres. 

Jute. 

The  jute  fibre  is  chiefly  obtained  from  Corchoms  capmlaris. 
It  is  prepared  by  a  short  process 
of  retting.  The  raw  jute  fibre 
consists  of  fibre  bundles,  the  length 
of  which  vary  from  1  to  2J  yards, 
whilst  the  ultimate  fibres  vary  in 
length  from  10 — 4'2  mm. 

The  microscopic  characteristics 
of  jute  (Fig.  6)  somewhat  resemble 
those  of  the  linen  fibre,  but  the 
central  canal  in  a  single  fibre 
varies  considerably  in  width. 

The  jute  fibre  is  highly  lignified 
and  it,  therefore,  gives  the  charac- 
teristic reactions  of  all  the  lignified 
tissues,  i.e.,  it  is  coloured  orange  by 
a  solution  of  alpha-naphthylamine 
hydrochloride,  yellow  by  a  solution 
of   aniline   sulphate,   and   red   by 
phloroglucinol. 
Fio.  6.-Jule(x  lOOdiam).        .   According  to  Cross  a,nd  Bevan, 
jute  consists  of  a  chemical  combi- 
nation of  bastose  and  celluloge.     Jute  readily  absorbs  bromine 
and  iodine.    If  treated  with  chlorine  water,  or  chlorine  gas, 
the  fibre  is  chlorinated,  and  if  afterwards  treated  with  sodium 
sulphite,  is  coloured  a  beautiful  red.     By  boiling  the  chlorinated 
jute   with   sodium    sulphite,   the   fibre    becomes    disintegrated, 
and  if  the  treatment  of  chlorination  and  boiling  with   sulphite 
in  repeated  several  times,    the    ultimate   jute    fibres  will  be 
obtained. 

According  to    Appleyard,   A    }tanual   >tf  Ihjeing,  p.  44,  both 
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bleached  and  unbleached  jute  yarn  loses  weight  when  boiled  in 
water,  and,  at  the  same  time,  shrinkage  and  slight  tendering  are 
noticed.  Boiling  dilute  solutions  of  sulphuric  acid  also  attack 
jute. 

The  Dyeing  of  Jute. — Jute  is  very  readily  dyed  with  the  basic 
and  with  a  number  of  acid  dyestuflfs,  such  as  Orange  II, 
Ponceau  4GB,  Double  Scarlet,  etc. 

Basic  dyestuffs  should  be  dyed  with  the  addition  of  alum. 
Enter  the  material  into  the  cold  dye-bath  and  then  heat  gradually 
to  the  boil.  When  brilliant  shades  are  required  the  dye-bath 
should  not  be  heated  above  200°  F. 

The  acid  dyestuflfs  are  also  dyed  with  the  addition  of  alum. 

The  Eosines,  the  Bhodamines  and  the  Brilliant  Groceines  are 
dyed  with  the  addition  of  5  to  7  lbs.  of  common  salt  per  10  gallons 
of  dye-liquor. 

The  substantive  and  the  sulphur  dyestuflfs  are  less  frequently 
employed  in  jute  dyeing.  The  methods  are  the  same  as 
employed  in  cotton  dyeing. 

Fibres  of  Minor  Importance. 

Manila  hemp,  Sisal,  Sunn  hemp,  New  Zealand  flax,  Piassava, 
cocoa  fibre,  etc.,  are  only  rarely  dyed. 

Generally  speaking,  the  methods  given  for  dyeing  jute  and 
linen  may  be  employed. 

The  Artificial  Fibres. 

• 

Artificial  Silk  and  Horse-hair, — The  first  artificial  silk  was  made 
by  M.  de  Chardonnet,  by  forcing  a  solution  of  nitrocellulose  in 
alcohol  and  ether,  through  capillary  tubes  into  water.  Coagula- 
tion immediately  takes  place  and  a  thin,  very  lustrous  fibre  is 
formed.  The  product  is  finally  denitrated  by  steeping  in  a  solu- 
tion of  ammonium  sulphide.  This  type  of  artificial  silk  is  known 
as  Chardonnet,  Besangon,  Meteor,  Lehner,  or  Frankfurt  silk. 

Under  the  microscope  the  fibre  appears  smooth,  round,  with 
peculiarly  characteristic  twisting  or  folding  (see  Fig.  7),  not 
noticeable  in  the  other  artificial  silks. 

Nitrocellulose  Silk  (Cliardonnet  Silk)  can  be  dyed,  even  in  heavy 
shades,  with   the  basic  dyestuflfs,   without    the  application   of 
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tannin  mordants.    It  differs  in  this  respect  from  all  the  other 
artificial  BilkB. 

The  substantive  and  the  sulphurdyestuffs  are  dyed  on  artificial 
silk  with  the  usual  additions.  The  Hoeohster  Farbwerke 
especially  recommend  the  Janus  dyestuffs  ;  on  Cbardonnet  silk 
these  produce  shades,  fast  to  water,  without  previous  mordanting 
with  tannins. 
,   Pauly  Silk.  Qlanzstoff,  Elber/eld  Silk,  Bronnert   Silk,  Sinus. 


'10.    8.— Pauly    Silk    {Glam- 
>foff){x  lOOdiam.). 

— These  products  are  obtained  by  forcing  solutions  of  cotton 
or  mercerised  cotton  in  ammoniacal  cupric  oxide  (Schwei- 
zer's  reagent)  through  fine  orifices  into  a  coagulating  bath. 
The  threads  are  finally  freed  from  copper  and  dried  under 
tension.  The  appearance  of  the  fibres  under  the  microscope 
(see  Fig.  8)  is  cylindrical,  very  smooth  and  straight,  whilst  other 
fibres  (see  Fig.  9)  exhibit  impressions  which  are  probably  due  to 
one  fibre  having  been  pressed  upon  another  whilst  still  in  a  soft 
state,  probably  during  drying  under  tension. 
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Thifli!  Silk, — The  Tbiele  eilk  is  also  spun  from  solution8  of 
eottoD  in  ammoniacal  cupric  oxide,  bat  in  this  method  more  highly 
concentrated  solutions  are  employed.  The  orifices  through 
which  the  cellulose  solution  is  forced  are  much  wider  than  those 
used  in  the  other  processes,  and  the  filaments  are  drawn  out  in 
the  coagulating  bath.  Filaments  much  smaller  in  diameter  are 
thus  produced  (see  Fig.  10). 

By  means  ot  this  method  of  spinning  it  has  become  possible  to 


.    9.— Pauly    Silk    {Olar. 
rfo/)(X  lOOdiam.). 


produce  very  fine  threads  which  much  resemble  natural  silk. 
Counts  as  low  as  80  deniers  can  be  spun.  The  Thiele  silk 
differs  from  the  other  artificial  silks  in  that  each  thread  is 
composed  of  from  45  to  60  and  more  filaments,  whilst  the 
latLer  and  also  the  Viscoxe  silk,  usually  contain  from  12  to  15 
filaments. 

Vkcose  Silk  {Conytauhl  Silk). — In  Steam's  process,  a  solution 
of  cellulose  (chemical  woodpulp),  viscost;  is  forced  through 
orifices  into  a  coagulating   bath  of   ammonium  chloride.     The 
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cellulose  xantliate  is  fiDally  decotnpoBed  by  treatment  in  an  Eicid 
bath.  The  fibres  (Fig.  11)  are  smooth  but  show  distinctly  twist- 
ing or  folding,  not  unlike  the  appearance  of  cotton  fibres  which 
have  been  mercerised  under  tension.  The  fibre  also  seems  to 
appear  more  oval  in  shape  than  Glajiz/Uif. 

The  affinity  of  Glanzstojf,  Tkirle  Silk  and  Vincose  Silk  for  basic 
dyestuffs  is  much  less  than  that  of  the  Ckardonnet  Silk.  It  is, 
therefore,  necessary  to  ftpply  tan- 
nin mordants  previous  to  dyeing 
with  these  dyestuRTs.  Towards 
substantive  and  sulphur  dyestuHs 
they  behave  like  mercerised  cotton. 
The  affinity  of  tlie  Tlneh:  SiJk  for 
these  dyestuffs,  however,  resembles 
much  more  that  of  ordinary  cotton. 
Acetate  Silk. — Acetate  silk,  of 
which,  so  far,  only  small  quantities 
have  been  produced,  is  obtained 
from  solutions  of  acetylcellulose. 

Paper-yarn. 

Paper-yarn  is  known  in  com- 
merce under  different  names,  such 
as  SHralin,  Xi/Iolin,  Ltcella,  Arli- 
Jicial  Jxiie,  etc.  It  may  be  made 
from  paper-pulp  of  varying  com- 
Fio.  11.— ViacoH)  yilk  (Cour-  position,  but  wood-cellulose  forms 
tauld  Silk)  { X  101)  diam.).  the  chief  raw  material. 

Special  paper  machines,  on 
which  the  paper  is  madein  very  narrow  strip8,which  are  afterwards 
twisted  into  threads,  are  used  in  the  manufacture  of  paper -yarn. 
The  dyeing  may  either  be  done  in  the  Hollander,  i.e.,  in  the 
pulp,  before  the  paper  is  made,  or  in  the  cop  in  special  cop- 
dyeing  macliines,  or  the  pieces  may  be  dyed  in  the  jigger. 

The  methods  of  dyeing  are  the  same  as  given  for  cotton,  linen 
and  jute. 


PART    II 

WATER 

A  GOOD  supply  of  pure  water  is  of  the  greatest  importance  to 
the  hleacher  and  the  dyer.  The  natural  impurities  which  a 
water  contains  are  either  suspended  or  dissolved  in  the  water. 
The  former  usually  give  little  trouble  and  can  be  readily  removed, 
whilst  the  latter  may  be  more  or  less  difficult  to  deal  with.  If 
it  be  desirable  to  ascertain  if  a  particular  water  is  suitable  for 
bleaching  or  dyeing,  the  fact  that  a  clear  water  is  not  necessarily 
a  pure,  or  suitable,  water,  must  be  borne  in  mind. 

A  water  which  has  passed  through  soils,  or  through  or  over 
rocks  which  are  very  hard  and  insoluble,  is  usually  free  from 
dissolved  impurities  and  is  termed  a  **  soft "  water.  If  a  water, 
however,  passes  over  limestone,  magnesian  limestone,  chalk, 
etc.,  it  will  always  contain  more  or  less  of  these  impurities,  it 
will  become  a  calcareous  or  **  hard  "  water. 

On  the  addition  of  soap,  hard  water  produces  precipitates  of 
insoluble  lime  and  magnesia  soaps,  and,  therefore,  causes  a  con- 
siderable loss  of  soap. 

Rosin  soaps  are  particularly  objectionable  in  this  respect,  as 
they  slowly  turn  brown,  owing  to  oxidation. 

Such  precipitates  are,  however,  not  formed  if  Monopole  Soap 
(see  "  Soap,'*  p.  52),  is  used. 

The  lime  and  magnesia  soaps  are  of  a  sticky  nature,  and  they 
adhere  to  the  fibres  and  frequently  injure  the  shade.  Hard 
waters  are,  therefore,  as  a  rule,  less  suited  for  bleaching  and 
dyeing  than  soft  waters.  The  carbonates  of  lime  and  magnesia 
precipitate  iron  and  aluminium  mordants  as  well  as  some  of  the 
basic,  the  mordant  and  the  substantive  cotton  dyestuffs. 

A  water  containing  iron  is  quite  unsuitable  for  bleaching  pur- 
poses, because  it  may  cause  the  so-called  "  iron-stains."  When 
such  a  water  is  used  in  dyeing  the  Alizarines,  or  the  basic  cotton 
dyestuff  on  tannin  mordants,  duller  shades  will  be  the  result. 

The  hardness  of  a  water  is  either  **  temporary,'*  i.e.,  due  to 
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calcium  or  magnesium  carbonate,  or  it  is  "  permanent/'  i.p,, 
chiefly  due  to  calcium  or  magnesium  sulphate  and  chlorides. 

The  following  natural  waters  come  into  consideration  for 
bleaching  and  dyeing : — Raiyi  water,  spring  and  well  water ^  and 
river  water. 

Rain  Water, — Eain  water  is  the  purest  natural  water.  It 
usually  contains  ammonia,  oxygen  and  nitrogen,  carbonic  and 
nitric  acids,  and  very  small  quantities  of  saline  matter  and  of 
organic  substances. 

Rain  water  which  has  been  collected  in  towns  with  large 
industries  frequently  contains  also  a  small  quantity  of  sulphuric 
acid  and  soluble  tarry  matters. 

For  bleaching  and  dyeing  rain  water  is  very  suitable. 

Spring  and  Well  Water, — These  waters  usually  contain  certain 
quantities  of  dissolved  mineral  matter,  such  as  the  carbonates 
or  bicarbonates,  sulphates,  nitrates,  chlorides  and  silicates  of 
calcium,  magnesium,  sodium,  potassium,  aluminium  and  iron, 
and  sometimes  also  organic  matter. 

River  Water, — Eiver  water  frequently  contains  a  considerable 
quantity  of  suspended  matter,  but  usually  it  contains  less 
dissolved  mineral  matter  than  spring  and  well  water,  because 
some  of  the  latter  becomes  deposited  in  the  bed  of  the  river. 
Water  from  moorland  frequently  contains  a  considerable  amount 
of  organic  matter  in  suspension  and  peaty  acid  in  solution. 
The  characteristic  brownish  colour  of  such  water  is  due  to  the 
presence  of  peaty  acid. 

The  Analysis  of  Water, 

The  question  as  to  whether  a  water  is  suitable  for  bleaching  or 
for  the  dyeing  of  certain  colours  can  often  be  ascertained  by  a  few 
simple  tests.  In  special  cases  it  may,  however,  be  found  neces- 
sary to  obtain  a  complete  qualitative  and  quantitative  analysis 
of  a  water. 

The  following  simple  tests  will  in  many  cases  give  sufiScient 
indication  to  the  practical  bleacher  and  dyer  as  to  whether  a 
water  is  suitable  for  his  requirements  : — 

Free  Acid. — Add  a  few  drops  of  a  neutral  solution  of  lack- 
moid.     If  it  turns  red  the  water  contains  free  acid. 

Free  Alkali  (usually  alkaline  carbonates), — Boil  the  water  for  a 
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short  time,  filter,  and  add  phenolphthalein,  which  turns  red  in 
the  presence  of  free  alkali. 

Organic  Matter. — If  large  quantities  are  present  the  water  is 
usually  of  a  brownish  colour.  Evaporate  the  water  to  dryness 
and  heat  the  residue ;  if  organic  matter  is  present,  the  residue 
will  become  brown  and  ultimately  black. 

Lhne  (yr  Calcium  Salts. — Add  ammonium  chloride  and  a  few 
drops  of  ammonium  oxalate  to  the  water.  A  white  precipitate 
indicates  the  presence  of  calcium  or  lime  salts. 

Magnesium  Salts. — Boil  after  the  lime  has  been  precipitated 
with  ammonium  oxalate  and  ammonium  chloride,  filter,  and 
evaporate  the  filtrate  to  about  one-tenth  of  its  bulk ;  cool,  add 
a  small  qualtity  of  ammonia  and  sodium  phosphate.  If 
magnesium  is  present  a  crystalline  precipitate  will  be  formed. 

Chlorides. — Add  a  few  drops  of  pure  nitric  acid,  and  then 
silver  nitrate  solution.  The  formation  of  a  white  curdy 
precipitate  indicates  the  presence  of  chlorides. 

Sulphates. — Add  a  few  drops  of  hydrochloric  acid  and  barium 
chloride  solution.     Sulphates  will  give  a  white  precipitate. 

Free  Carbonic  Acid  and  Bicarhonaies. — A  white  precipitate 
will  be  formed  if  clear  lime  water  is  added.  If  the  bicarbonates 
present  are  those  of  iron,  lime,  or  magnesia,  a  precipitate  is  also 
formed  when  the  water  is  boiled. 

Alkaline  Carbonates. — Boil  the  water  for  a  short  time,  filter 
and  add  phenolphthalein,  which  turns  red  if  alkaline  carbonates 
are  present. 

Iron. — Evaporate  the  water  nearly  to  dryness,  add  hydro- 
chloric acid  and  a  few  drops  of  nitric  acid,  and  then  either 
potassium  thiocyanate  or  potassium  ferrocyanide.  The  former 
will  give  a  red  colouration,  the  latter  a  blue  precipitate,  if  iron 
is  present  in  the  water.  Very  convenient  and  rapid  methods  for  the 
quantitative  estimation  of  iron  in  water  by  means  of  thiocyanate 
have  been  suggested  by  Lunge  and  v.  K6ler,  Zeitschrift  fur 
angeu}andte  Chemie,  1896,  p.  8,  and  by  Seyda,  Chemiker 
Zeitung,  1898,  p.  1086.  A  quantity  of  the  water  is  evaporated, 
the  residue  dissolved  in  pure  nitric  acid,  and  diluted  with  dis- 
tilled water.  Ammonium  thiocyanate  solution  is  added,  and  the 
solution  is  shaken  with  a  measured  quantity  of  ether.  The  red 
colouration  is  absorbed  by  the  ether,  the  colour  of  which  is  then 
compared  with  standard  colourations  produced  by  using  solutions 
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containing  known  quantities  of  iron.  A  special  apparatus  which 
may  be  conveniently  used  has  been  suggested  by  Dr.  Klemm  and 
built  by  Louis  Schopper,  of  Leipzig.  It  consists  of  20  bottles 
containing  standard  colour  solutions  of  varying  depths,  each  of 
which  corresponds  to  a  certain  quantity  of  iron. 

Estimation  op  the  Hardness  of  Water. 

Hehner's  method  for  determining  the  hardness  of  water  is 
carried  out  in  the  following  manner  :  — 

I.  Temporainj  Hardness  {calcium  or  magnesium  carbonate), — 
A  ^0  normal  solution  of  sulphuric  acid  is  prepared  by  diluting 
20  c.c.  of  normal  acid  to  1,000  c.c.  with  water.  To  100  c.c.  of  the 
water  to  be  examined  a  few  drops  of  Methyl  Orange  are  added. 
This  is  titrated  with  the  iV/50  acid  until  the  orange  colour 
changes  to  red.  1  c.c.  of  acid  is  equal  to  0*001  grm.  CaCO^,  or 
its  equivalent  of  MgCOs,  and  1  c.c,  therefore,  also  represents 
1  part  of  CaCOs  (or  its  equivalent  of  MgCOs)  per  100,000  parts 
of  water.  In  some  cases  it  may  be  preferable  to  use  N/IO  acid 
and  alkali  respectively,  and  to  titrate  600  c.c.  of  water  in  place 
of  100  c.c.  The  method  is  not  reliable  if  the  water  contains 
other  carbonates  {i.e.,  ammonium  carbonate),  the  results  obtained 
being  too  high.  Such  a  case  was  pointed  out  to  the  author. 
The  water  examined  was  taken  from  a  brook  into  which  water 
from  a  colliery  was  being  pumped. 

II.  Permanent  Hardness  {chiefii/  calcium  or  magnesium  sul- 
phate).— A  ^  normal  solution  of  sodium  carbonate  is  prepared 
by  diluting  20  c.c.  of  the  normal  solution  to  1,000  c.c.  with 
water.  100  c.c.  of  the  water  to  be  tested  are  transferred  to  a 
platinum  basin.  A  measured  volume  of  the  AV50  sodium  car- 
bonate solution,  largely  in  excess  of  that  required,  is  added.  The 
platinum  basin  is  now  transferred  to  a  water  bath,  and  the  solu- 
tion is  evaporated  to  dryness.  Care  must,  however,  be  taken  not 
to  overheat  the  residue,  or  some  of  the  carbonates  precipitated 
may  be  converted  into  oxides,  and  thus  too  high  a  result  obtained. 
The  residue  is  dissolved  in  hot  water  and  filtered.  The  basin 
and  the  filter  should  be  thoroughly  washed.  The  filtrate  con- 
taining the  sodium  carbonate  is  now  titrated  with  iV/50  sulphuric 
acid.  This  gives  the  excess  of  sodium  carbonate  added.  If  this 
is  deducted  from  the  total  number  of  c.c.  of  sodium  carbonate 
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added,  we  obtain  the  number  of  c.c.  used  in  removing  the 
permanent  hardness.  1  c.c.  =  0*001  grm.  of  CaCOs  (formed 
from  the  sulphate)  precipitated  from  100  c.c.  of  water,  and  1  c.c, 
therefore,  also  represents  1  part  per  100,000  parts  of  water.  We 
obtain  the  total  hardness  of  the  water  by  adding  the  permanent 
hardness  to  the  temporary  hardness. 

Wanklyn'g  Method  for  Determining  the  Hardness  of  Water. 

In  this  method  the  calcium  and  magnesium  salts  present  in 
the  water  are  precipitated  by  means  of  a  soap  solution.  The 
degrees  of  hardness  of  a  water,  according  to  Wanklyn,  are  equal 
to  grains  of  calcium  carbonate  per  gallon,  plus  one. 

Preparation  of  the  Standard  Soap  Solution, — 10  grms.  of  pure 
white  Castile  soap  are  dissolved  in  600  c.c.  of  alcohol  (90  per  cent.), 
and  made  up  with  distilled  water  to  1,000  c.c. 

Standardising  of  the  Soap  Solution, — 1*11  grms.  of  pure 
anhydrous  calcium  chloride  is  dissolved  in  1,000  c.c.  of  water,  or 
1  grm.  of  pure  calcium  carbonate  is  dissolved  in  an  excess 
of  hydrochloric  acid.  This  solution  is  evaporated  on  the  water 
bath  to  dryness,  the  residue  is  dissolved  in  water,  evaporated  to 
dryness,  and  dissolved  in  1,000  c.c.  of  distilled  water.  10  c.c.  of 
this  solution  are  transferred  to  a  stoppered  bottle  of  about  250  c.c. 
capacity.  The  soap  solution  is  then  added  from  a  burette,  1  c.c. 
at  a  time,  and  the  bottle  well  shaken  after  each  addition.  When 
the  lather  becomes  somewhat  more  permanent  smaller  quantities 
of  soap  solution  are  added  each  time.  This  is  continued  until  tlie 
lather  remains  permanent  for  five  minutes,  whilst  the  bottle  is 
laid  upon  its  side. 

Exactly  11  c.c.  of  the  soap  solution  should  be  required  to 
produce  the  permanent  lather.  If  the  soap  solution  is  found 
to  be  too  strong  it  should  be  diluted  with  equal  volumes  of 
alcohol  and  water  to  the  correct  strength. 

To  ascertain  the  total  hardness  of  a  water  70  c.c.  are  titrated 
with  the  soap  solution  as  above.  The  number  of  c.c.  minus  one 
equals  grains  of  CaCO^  per  gallon,  because  1  c.c.  of  the  soap 
solution  is  required  to  give  a  permanent  lather  with  70  c.c.  of 
distilled  water. 

If  a  water  requires  more  than  16  c.c.  of  the  soap  solution,  or 
if  a  large  quantity  of  magnesia  is  present  and  it  requires  more 
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than  7  c.c,  a  smaller  quantity  of  water  should  be  taken  and  the 
difference  made  up  to  70  c.c.  with  distilled  water. 

Determination  of  Permanent  Hardness, — Boil  600  c.c.  of  the 
water  for  about  30  minutes,  in  order  to  precipitate  the  salts 
which  cause  the  temporary  hardness,  and  fill  up  to  the  mark 
with  recently-boiled  distilled  water. 

The  water  is  then  filtered  and  70  c.c.  are  titrated  with 
the  soap  solution  as  above.  The  difference  between  the 
permanent  hardness  and  the  total  hardness  gives  the  temporary 
hardness. 


Comparison  of  German,  English  and  French  Degrees 

OF  Hardness. 


German. 

English. 

French. 

German. 

EngliHli. 

7-0 

French. 

0-5 

0-62 

0-9 

5-6 

100 

0-56 

0-7 

1-0 

60 

7-5 

10-74 

0-7 

0-87 

1-26 

6-5 

8-13 

11-64 

0-8 

10 

1-43 

6-7 

8-88 

12-0 

1-0 

1-25 

1-79 

7-0 

8-75 

12-55 

1-12 

1-41 

20 

7-28 

9-10 

13-43 

1-5 

1-88 

2-69 

7-84 

9-8 

14-0 

1-68 

210 

30 

80 

10-0 

14-30 

20 

2-5 

3-58 

8-4 

10-5 

15-0 

2-24 

2-8 

4-0 

8-5 

10-63 

15-18 

2-4 

8-0 

4-8 

8-8 

11-0 

1^-75 

2-5 

313 

4-48 

8-96 

11-20 

16-0 

2-8 

3-5 

50 

90 

11-25 

16-08 

30 

3-75 

5-37 

9-5 

11-88 

17-0 

8-2 

4-0 

6-73 

10-0 

12-50 

17-9 

3'36 

4-2 

60 

10-08 

12-60 

18-0 

3-5 

4-38 

6-27 

10-4 

13-0 

18-6 

3-92 

4-9 

70 

10-5 

13-13 

18-78 

4-0 

50 

7-17 

10-64 

13-8 

19-0 

4-48 

5-60 

8-0 

11-0 

13-75 

19-68 

4-5 

5-63 

8-06 

11-2 

14-0 

20-0 

4-8 

6-0 

8-60 

11-5 

14-07 

20-69 

50 

6-25 

8-95 

11-76 

14-38 

210 

504 

6-30 

9-0 

120 

15-0 

21-5 

5-5 

6-88 

9-85 
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Degrees  of  Hardness  : — 

1°  English  =  1  grain  of  CaGOs  in  1  gallon  of  water. 

1°  French   =  1  part    „  CuCOq  „  100,000  parts  of  water. 

1°  German  =  1     „       „  CaO      „        „  „         „ 

1°  English  =  0-8°    German  =  1-43°  French. 

1°  French  =  0*7°    English  =  0-56°  German. 

1°  German  =  1*25°  English  =  1*79°  French. 

Correction  and  Purification  op  Water. 

Water  which  contains  earthy  and  alkaline  carbonates  but 
which  does  not  contain  iron,  may  be  corrected  by  the  addition 
of  either  sulphuric  or  acetic  acid,  preferably  the  latter.  The 
quantity  of  acetic  acid  required  to  correct  a  hard  water,  is 
ascertained  in  the  following  manner :  Pour  1  litre  of  the 
water  into  a  white  basin  and  add  a  few  drops  of  Methyl  Orange 
solution.  Then  add  from  a  burette,  whilst  continuously  stirring, 
^  normal  hydrochloric  acid  (10  c.c.  of  hydrochloric  acid, 
84*2°  Tw.  per  litre  water),  until  the  colour  change  takes  place. 
Each  c.c.  of  the  acid  used  indicates  that  the  addition  of  2  ozs. 
of  acetic  acid,  8*8°  Tw.,  or  1*3  ozs.  of  acetic  acid,  12°  Tw.  will  be 
required  to  correct  625  gallons  of  water. 

Meclianical  Purification. 

Mechanical  purification  is  only  efifective  if  the  water  contains 
suspended  organic  or  inorganic  matter,  or  iron  salts  (ferrous 
carbonate).  Ferrous  carbonate  is  converted  into  ferric  hydrate 
if  the  water  is  exposed  to  the  air  in  large  shallow  tanks.  Both 
the  ferric  hydrate  and  the  suspended  matter  settle  out  and  may 
be  removed  by  passing  the  water  through  filters  composed  of 
sand  or  cinders. 

Chemical  Purification. 

In  order  to  remove  the  temporary  liardneas,  the  water  may  be 
boiled.  This  method  is,  however,  as  a  rule,  too  costly.  The 
hardness  may  also  be  removed  by  boiling  the  water  for  a  short 
time  with  the  addition  of  soap.  The  insoluble  lime-soaps  are 
allowed  to  rise  and  are  then  removed.  The  method  may  be 
used  to  advantage  when  dyeing  some  of  the  substantive  cotton 
dyestuflfs.  It  is,  however,  costly,  and  does  not  always  give 
satisfactory  results. 

c2 
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Bicarbonate  of  lime  and  of  magnesia  are  removed  by  adding 
calcium  hydrate  or  sodium  hydrate  to  the  water. 

CaO  {€0^)2  +  CaO  =  2  CaCOs. 

MgO  {CO^h  +  CaO  =  MgCOs  +  CaCO^ 

The  permanent  hardness,  due  to  calcium  sulphate  and  chloride 
may  be  removed  by  adding  sodium  carbonate. 

CaSOi  +  Na^COfi  =  CaCfh  +  Na^SOi, 

Soluble  magnesium  salts  are,  however,  best  removed  by  lime, 
because  magnesium  hydrate  is  less  soluble  than  magnesium 
carbonate. 

When  sodium  hydrate  is  employed  in  order  to  remove  the 
temporary  hardness,  sodium  carbonate  is  formed,  which  then 
in  turn  acts  on  the  permanent  hardness  (calcium  sulphate). 

CaO  (002)2  +  2  NaOH  =  CaCO^  +  Na2C0z  +  H2O. 

The  temporary  hardness  is,  in  many  instances,  much  greater 
than  the  permanent  hardness.  The  addition  of  lime  and  of 
sodium  carbonate  is  to  be  recommended  in  such  cases.  If,  how- 
ever, the  temporary  and  the  permanent  hardness  of  a  water  are 
about  the  same,  caustic  soda  should  be  used. 

In  the  Porter-Clark  machine,  one  of  the  earliest  used  for 
water  softening  and  purification,  the  water  after  having  been 
mixed  with  the  necessary  reagents  is  passed  through  cotton- 
cloth  filters. 

The  use  of  filter-presses  for  filtering  the  water  has  been 
suggested  by  A.  L.  G.  Dehne. 

A  very  simple  and  effective  apparatus  is  the  one  invented  by 
Archbutt  and  Deeley.  The  water,  after  having  been  mixed  with 
the  reagents,  is  run  into  tanks  containing  the  mud  from  previous 
operations.  Perforated  pipes,  through  which  steam  and  air  is 
blown  into  the  water,  are  laid  immediately  above  the  bottom  of 
these  tanks.  The  particles  of  mud  are  thus  thoroughly  mixed 
with  the  water  and  the  fine,  freshly  formed  precipitate  is  rapidly 
carried  down  by  the  coarser  particles.  The  precipitate  settles  so 
quickly  that,  after  the  air-current  is  stopped,  the  water  becomes 
perfectly  clear  in  from  30  minutes  to  1  hour. 

The   lieisert  Aittoiiiatic  Water  Softener  and  Pwnfier  of  Royles 
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Limited,  IrlBni. — Lime  and  sodium  carbonate  are  used  in  the 
parlicular  type  of  Reisert  plant  described  here. 

A  clear,  saturated  solution  of  lime  is  employed  in  preference 
to  milk  of  lime  used  in  other  typflB  of  water  softeners.  Fig.  12 
gives  an  illustration  of  a  plant  capable  of  treating  1,000  gallons 


Fio.  12. — It«iaert  Automatic  Water  Sotteuer  and  Purifier. 

of  water  per  hour.  It  hae  a  iraitiim  chamher  F,  5  feet  11  inches 
in  diameter  and  12  feet  6  inches  high.  The  diameter  of  the 
lime  satiiralor  B  varies  according  to  ths  quantity  of  lime  required. 
The  entire  plant  requires  a  ground  area  of  about  6  feet  by  10  feet 
and  the  overall  height  from  the  top  of  the  tank  is  about  10  feet. 
A  ia  the  tank  in  whicli  the  lime  is  slaked,  B  the  automatic  liiiif- 
gaturalor  and  decanter,  C  the  auila-iiiijinri  tayik,  D  the  soda  chamber. 
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E  the  wafer  distributing  tanh,  F  the  reaction  chamber,  and  K  an 
antomutic  self-cleansing  filter. 

The  quantity  of  lime  required  for  a  day's  working  is  slaked  in 
A,  and  the  lime-paste  is  then  conveyed  through  the  short  pipe 
by  opening  cock  E,  to  the  bottom  of  B.  The  quantity  of  soda 
required  for  a  day's  working  is  dissolved  in  C,  and  by  opening 
cock  Q,  passed  into  D.  Water  is  run  from  E  on  to  the  soda 
solution  contained  in  D,  through  the  small  micrometer  valve  1, 
which  is  adjusted  in  accordance  with  the  amount  of  soda  required 
in  the  reaction  chamber  F.  In  a  similar  manner  a  constant 
supply  of  clear  lime-water  is  obtained  l)y  water  running  through 
the  micrometer  valve  3,  through  the  central  pipe  0,  into  B,  the 
lime-water  passing  through  the  overflow  pipe  into  the  mixing 
pipe  E'.  The  water  which  has  to  be  treated  flows  into  the  water- 
distributing  tank  E,  and  from  here  through  the  micrometer 
valve  2  to  the  mixing  pijH  E',  in  which  it  meets  the  lime-water 
and  the  soda  solution.  The  reaction  takes  place  in  F.  The 
water  then  flows  through  pipe  J  into  the  filter  chamber  K,  and 
from  here  through  the  sand  filter  through  pipe  S  into  tank  L. 
The  purified  water  flows  away  at  M. 

The  height  of  the  column  of  water  in  pipe  J  will  vary  with 
the  resistance  in  the  filter  bed,  and  as  the  latter  fouls  the  water 
will  rise  in  J,  and  accordingly,  in  the  syphon-pipe  L.  If  the 
resistance  in  the  filter-bed  causes  the  water  to  overflow  this 
pipe,  it  will  act  as  a  syphon  and  the  current  through  the  filter- 
bed  will  be  instantly  reversed.  The  filter  will  thus  be  cleansed 
by  the  clear  water  from  tank  L  being  drawn  through  it.  The 
sediment  is  discharged  at  T  into  the  gully  U.  Air  enters  through 
pipe  V,  as  soon  as  tank  L  becomes  empty.  The  action  of  the 
syphon  is  destroyed  and  the  filter  resumes  its  normal  action. 
In  another  type  of  **  Eeisert  Purifier  "  the  filter  is  cleansed  by 
means  of  air. 

In  a  special  type  of  apparatus,  built  on  the  same  principle, 
provision  is  made  for  using  either  caustic  soda  alone,  or  in 
conjunction  with  sodium  carbonate,  according  to  the  kind  of 
hardness  of  the  water  which  is  to  be  treated.  Difficulties  seem 
to  have  been  experienced  in  the  practical  working  of  the  apparatus 
if  the  hardness  of  the  water  is  less  than  12°,  or  if  it  contains  a 
considerable  quantity  of  mud,  in  that  some  of  the  fine  sediment 
is  not  eflfectively  removed  by  the  filters. 


PART    III 

CHEMICALS  AND  MORDANTS  ^ 

Acetate  of  Iron,  v.  Ferrous  Acetate* 

Acetate  of  Lime,  v.  Calcium  Acetate* 

Acetate  of  Sodu,  i\  Sodium  Acetate. 

Acetic  Acid  or  Pyroligneous  Acid. 
C^HiOi.    Mol.  weight,  60. 

Commercial  acetic  acid  is  usually  sold  at  from  8^  to  12^  Tw. 
Acetic  acid  is  chiefly  used  in  dyeing,  in  dissolving  some  of  the 
coal  tar  colours  and  in  the  correction  of  hard  water,  whilst  the 
pyroligneous  acid  is  employed  in  the  manufacture  of  pyrolignite 
of  iron. 

Acetic  acid,  together  with  acetate  of  soda,  may  be  used  for 
producing  the  silk-like  ''  scroop  "  on  mercerised  cotton.  See 
"  Tartaric  Acid." 

The  strength  of  acetic  acid  cannot  be  accurately  ascertained  by 
means  of  the  hydrometer,  but  only  by  titrating  with  alkali. 

Specific  gravities  above  1*0553  may  represent  acid  of  two 
different  strengths.  Acetic  acid  of  78  per  cent,  shows  the  highest 
specific  gravity,  i.e.,  1"0748.  Acid  of  specific  gravity  1*0563  may, 
therefore,  contain  either  48  per  cent,  or  100  per  cent,  of  acetic  acid. 
If  by  the  addition  of  a  small  quantity  of  water  to  the  acid  the 
specific  gravity  is  increased,  it  contains  above  78  per  cent.,  but  if 
it  is  decreased,  it  contains  below  78  per  cent,  of  acetic  acid. 

Impurities :  Commercial  acetic  acid  contains  empyreumatic 
substances  and  sometimes  also  sulphates,  free  sulphuric  acid, 
chlorides  and  free  hydrochloric  acid,  lead,  iron,  and  calcium. 
Price,  40  per  cent.,  lis.  per  cwt. 

Alizarine  Oily  v,  Turkey -red  Oil. 
Alkaline  Chrome  Mordant. 

*  In  many  cases  the  current  market  prices  of  the  chemicab  have  been 
given. 


24 


BLEACHING  AND  DYEING 


Specific  Gravity  of  Acetic  Acid  at 

•  59°  F.  (15 

°  C.) 

(OUDEMANS). 

Specific 

Acetic  Acid 

Specific 

Acetic  Acid 

Hpocific 

Acetic  Acid 

Gravity. 

per  cent. 

Gravity. 

per  cent. 

Gravity. 

per  cent. 

0-9992 

0 

1 

1-0459 

84 

1-0725 

68 

10007 

1 

1-0470 

35 

1-0729 

69 

10022 

2 

1-0481 

86 

1-0788 

70 

1-0037 

3 

1-0492 

87 

1-0737 

71 

1-0052 

4 

10502 

38 

1-0740 

72 

1-0067 

5 

10513 

39 

1-0742 

73 

1-0083 

6 

1-0523 

40 

1-0744 

74 

1-0098 

7 

1-0583 

41 

10746 

75 

1-0113 

8 

1-0543 

42 

1-0747 

76 

1-0127 

9 

1-0552 

43 

1-0748 

77 

1-0142 

10 

1-0562 

44 

1-0748 

78 

1-0157 

11 

1-0571 

45 

1-0748 

79 

10171 

12 

1-0580 

46 

1-0748 

80 

1-0185 

13 

1-0589 

47 

1-0747 

81 

1-0200 

14 

1-0598 

48 

1-0746 

82 

1-0214 

15 

1-0607 

49 

1-0744 

88 

1-0228 

16 

1-0615 

50 

1-0742 

84 

10242 

17 

1-0623 

51 

1-0789 

85 

1-0256 

18 

10681 

52 

1-0736 

86 

1-0270 

19 

10638 

58 

1-0731 

87 

1-0284 

20 

1-0646 

54 

1-0726 

88 

1-0298 

21 

1-0653 

55 

1-0720 

89 

1-0811 

22 

i-0660 

56 

1-0718 

90 

10324 

28 

1-0666 

57 

1-0705 

91 

1-0337 

24 

1-0673 

58 

1-0696 

92 

1-0350 

25 

1-0679 

59 

1-0686 

98 

1-0368 

26 

1-0685 

60 

1-0674 

94 

1-0375 

27 

1-0691 

61 

1-0660 

96 

1-0388 

28 

1-0697 

62 

1-0644 

96 

1-0400 

29 

1-0702 

68 

1-0625 

97 

1-0412 

80 

10707 

64 

1-0604 

98 

1-0424 

81 

1-0712 

65 

1-0580 

99 

1-0436 

82 

1-0717 

66 

1-0558 

100 

10447 

83 

1-0721 

67 

H.  Koechlin,^  recommends  the  following  chromium  mordant, 
which  is  excellently  suited  for  mordanting  cotton  piecegoods: 

*  Joum,  Soc,  Dyers  and  Colouriata,  1885,  p.  18,  and  1886,  p.  25. 
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Two  measures  of  chromium  acetate  (25°  Tw.),  are  mixed  with  two 
measures  of  caustic  soda  lye  (66°  Tw.),  and  half  to  one  measure 
of  water.  One  measure  of  caustic  soda  lye  is  then  added  to 
five  measures  of  this  mixture. 

Henry  Schmid^  suggests  another  alkaline  chrome  mordant, 
which,  however,  decomposes  very  readily :  100  parts  of  chrome 
alum  are  precipitated  with  380  parts  of  soda  ash  (58  per  cent.). 
The  precipitate  is  washed  and  dissolved  in  50  parts  of  caustic 
soda  lye  (50°  Tw.). 

By  using  alkaline  chrome  mordants,  chromium  oxide  is  readily 
fixed  on  the  cotton  fibre,  without  the  application  of  any  fixing 
agent. 

Alkaline  Pink  Mordant,  v.  Aluminate  of  Soda, 

Alum : — Potash  Alum. 

KaSOAAl^SOi)^  +  24  TW.  Mol.  weight,  948-7.  Price,  £5  15«. 
per  ton. 

Ammonia  Alum. 

{NH4)2  SOUh  (SO^)s  +  24  H2O.    Mol.  weight,  906-5. 

Alum  is  chiefly  used  in  the  preparation  of  aluminium 
mordants,  but  it  is  more  expensive  than  aluminium  sulphate. 

Specific  Gravity  of  Solutions  of  Potash  Alum  at  17*5°  C. 

(Gerlach). 


Degrees  Tw. 

Specific  Gravity. 

Per  cent. 
MiKi(S(U)4. 

Per  cent. 

4 

8 

12-7 
18-8 

1-0205 
1-0415 
1-0685 
1-0690 

2-1792 
4-3548 
6-5379 
7-0824 

4 

8 

12 

13 

10  gallons  of  water  dissolve  at : — 
50°     68°    86°    104°     158°    212°  F. 


9-5    15-1   22-0    30-9     90-7    357-5  lbs.  of  potash  alum. 
Alum  is  added  to  the  dye-bath  in  dyeing  some  of  the  basic 

*  Joum.  Soc»  Dyers  and  ColourietSy  1886,  p.  26. 
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cotton  dyestuffs  in  order  to  obtain  level  shades,  and  in  the  dyeing 
of  Soluble  Blues,  Cotton  Blues,  etc. 

Alnmindy  v.  Aluminium  Hydroxide. 

Aluminate  of  Soda  or  Alkaline  Pink  Mordunt. 

Na2  Al^  O4.    MoL  weight,  164-3. 

Aluminate  of  soda  is  obtained  by  dissolving  freshly  precipi- 
tated aluminium  hydroxide  in  caustic  soda.  It  is  used  as  a 
mordant  for  Turkey-red  on  cotton.  The  cotton  fabrics  are  dried 
after  impregnation  with  the  mordant  and  then  passed  through  a 
solution  of  ammonium  chloride.  Aluminium  hydroxide  is  fixed 
on  the  fibre.    Price  £29  to  £M  per  ton. 

A  him iniuvi  A  cetate. 

AUC^[hO^\.    Mol.  weight,  408-3. 

Aluminium  acetate  is  prepared  by  dissolving  aluminium 
hydroxide  in  acetic  acid  or  by  double  decomposition  of  aluminium 
sulphate  with  sugar  of  lead  or  calcium  acetate.  The  so-called 
"  red  liquor"  is  usually  employed  in  dyeing,  in  place  of  aluminium 
acetate. 

Specific  Gravity  of  Solutions  of  Aluminium  Acetatb  at 

17^  C. 


Specific  Gravity. 

DegreeH  Tw. 

Degrees  B6. 

Grms.  AhOfi  per  litre. 

1-100 

20-0 

13-0 

40-8 

1-098 

19-6 

12-8 

40-0 

1-086 

17-2 

11-3 

35-0 

1-074 

14-8 

9-9 

300 

106-2 

12-4 

8-3 

250 

1-050 

100 

6-7 

20-0 

1-038 

7-4 

5-0 

15-0 

1-025 

5-0 

8-4 

100 

1-012 

2-2 

1-6 

50 

Ah  (SOi)Q  +  S  Pb  (02^302)2  =  2AI  iC2Hs02)s  +  8  PbSOi. 

Basic  aluminium  acetates  are  obtained  by  adding  soda  ash  to 
a  solution  of  the  normal  acetate.  When  heated,  solutions  of  the 
basic  acetates  dissociate.  The  more  basic  the  salt,  the  lower  is 
the  temperature  at  which  dissociation  starts.  Price,  aluminium 
acetate,  16°  Tw.,  6d.  per  gallon. 
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Aluminium  Hydrate,  x\  Aluminium  Hydroxide. 

Aluminium  Hydroxide, — Aluminium  Hydrate  or  Alumina. 
AU{OH)q.    MoL  weight,  166. 

Aluminium  hydroxide  is  formed  by  precipitating  a  solution 
of  aluminium  sulphate  with  sodium  carbonate.  Pure  aluminium 
hydroxide  is  obtained  by  adding  ammonia  to  the  hot  solution  of 
an  aluminium  salt. 

It  is  chiefly  employed  in  the  preparation  of  aluminium 
mordants. 

Aluminium  Hypochlorite  or  Wilson's  Bleaching  Liqu>or. 

Aluminium  hypochlorite  is  prepared  by  adding  a  solution  of 
bleaching  powder  to  one  of  aluminium  sulphate. 

It  decomposes  readily,  liberating  oxygen,  and  has  been  used  as 
a  bleaching  agent. 

Aluminium  Sulphate. 

Ak(SO,)s  +  18  H^O.    Mol.  weight,  666-4. 

Aluminium  sulphate  is  soluble  in  1  part  of  cold,  and  ^  part 
of  boiling  water.  Impurities : — Iron,  free  sulphuric  acid.  Alu- 
minium sulphate  is  employed  in  the  preparation  of  aluminium 
mordants.     Price,  £4  10s,  per  ton. 

Basic  aluminium  sulphcstes  are  obtained  by  adding  soda  to  a 
solution  of  aluminium  sulphate  or  alum.  They  are  used  in 
Turkey-red  dyeing  and  may  be  prepared  in  the  following 
manner : — Dissolve  40  lbs.  of  aluminium  sulphate  in  20  gallons 
of  water,  and  slowly  add  to  this  a  solution  of  5  lbs.  of  soda  ash 
in  2J  gallons  of  water. 

The  basicity  of  the  salt  varies  with  the  amount  of  soda  used. 

Al^SOih  +  3  Na^COs  +  H,0  =  2  Al{SO^){OH)  + 

Na2  SO4.  +  CO2 

This  basic  salt  has  been  placed  on  the  market  by  Messrs.  Peter 
Spence  &  Co.,  Ltd. 

2  AUSO^\  +  3  Na^CO^  +  8  H^O  =  Ak{SOMOHh  +  3  Na^SOi 

+  3  CO2. 

Al^SO^^  +  2  Na^CO^  +  2  H^O  =  Ah{S0d(QH)4.  +  2  Na^SO^ 

+  2  CO2. 

Liechti  and  Suida  have  shown  that  the  more  basic  the  salt,  the 
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Specific  Gravity  of  Solutionr  of  AxjUminium  Sulphate 

(Based  cm  Larsson). 


Sp.  Gr.  at  15^  C. 

Degrees  Tw. 

Per  cent. 

Sp.Gr.atl5»0. 

Degrees  Tw. 

Per  cent. 

1010 

2-0 

0-98 

1-176 

35-2 

17-72 

1021 

4-2 

1-87 

1-185 

37-0 

18-65 

1031 

6-2 

2-8 

1-194 

88-8 

■  19-58 

1-040 

8-0 

3-73 

1-203 

40-6 

20-51 

1-050 

10-0 

4-66 

1-211 

42-2 

21-45 

1-059 

11-8 

5-59 

1-220 

44-0 

22-38 

1-068 

13-6 

6-53 

1-228 

45-6 

23-31 

1-078 

15-6 

7-46 

1-236 

47-2 

24-24 

1-087 

17-4 

8-45 

1-244 

48-8 

25-18 

1-096 

19-2 

9-32 

1-252 

50-4 

26-11 

1-105 

21-0 

10-26 

1-261 

52-2 

27-04 

1-114 

22-8 

11-19 

1-269 

53-8 

27-97 

1-123 

24-6 

12-12 

1-277 

55-4 

28-91 

1-182 

26-4 

13-05 

1-285 

57-0 

29-84 

1-141 

28-2 

13-99 

1-293 

58-6 

30-77 

1-150 

300 

14-92 

1-301 

60-2 

31-70 

1-159 

31-8 

15-85 

1-309 

61-8 

32-64 

1-168 

33-6 

16-78 

more  readily  it  dissociates  when  its  solution  is  diluted  with  water, 
or  when  it  is  heated,  and  if  cotton  is  steeped  in  the  solution  and 
afterwards  dried,  the  more  alumina  is  fixed  on  the  fibre. 

Aluminium  Sulphate-Acetates^  v.  Aluminium  Sulpho- Acetates. 

.  Aluminium    Sulpho- Acetates   or  Aluminium   Sulphate-Acetates 
{Red  Liquor). 

The  aluminium  sulpho-acetates  are  obtained  by  adding  an 
insufficient  quantity  of  sugar  of  lead  to  a  solution  of  aluminium 
sulphate. 

The  mixtures  of  aluminium  acetate  and  sulphate-acetates,  are 
known  in  commerce  as  **  red  liquors."  The  composition  of  com- 
mercial red  liquors  varies  very  considerably. 

The  following  methods  are  recommended  by  the  Badische 
Anilin  &  Soda  Fabrik  for  the  preparation  of  (1)  the  normal,  and 
(2)  the  basic  sulphate-acetates : — 

(1)  Dissolve  61  lbs.  of  acetate  of  lead  in  hot  water  and  mix 
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with  a  hot  solution  of  12  J  lbs.  of  aluminium  sulphate ;  or  dissolve 
8^  lbs.  of  acetate  of  lead  in  hot  water  and  mix  with  a  hot  solution 
of  6J  lbs.  of  aluminium  sulphate.  Allow  the  sulphate  of  lead  to 
settle  and  remove  the  clear  solution.  Wash  the  precipitate  with 
water  and  reduce  the  solution  to  the  strength  required  by  adding 
the  wash-water. 

(2)  A  solution  of  9^  lbs.  of  soda  ash  in  5  gallons  of  water  is 
slowly  run  into  a  solution  of  50  lbs.  aluminiimi  sulphate  in  25 
gallons  of  water,  with  continuous  stirring.  1  gallon  acetic  acid, 
9°  Tw.  is  then  added,  and  the  resulting  solution,  when  cold, 
reduced  to  the  strength  required.  Or,  20  lbs.  of  sodium  carbonate 
(free  from  iron)  are  slowly  added  to  a  solution  of  43  lbs.  of 
aluminium  sulphate  in  80  gallons  of  hot  water  and  5  gallons  of 
acetic  acid,  12°  Tw. 

Red  liquors  are  chiefly  used  in  dyeing  Turkey-red,  and  for 
rendering  yarn  or  cloth  shower-proof.    Price,  5d.  to  TJd.  per  gallon. 

Ammonia. 

NHs.     Mol.  weight,  17. 

Ammonium  Hydroxide, 
NIL.OH.    Mol.  weight,  35. 

Ammonia  is  used  for  the  purpose  of  neutralising  acids, 
especially  if  the  latter  are  present  in  small  quantities  in  the 
fibres,  and,  therefore,  difl&cult  to  remove  by  washing.  It  is  also 
used  in  neutralising  Turkey-red  oil. 

Price,  20  per  cent.,  specific  gravity  0*915,  2d.  per  lb. ;  33  per 
cent.-,  specific  gravity  0*880,  2|d.  per  lb. 

Ammonia  Alum,  v.  Alum. 

Ammonium  Chloride  or  Sal  Animoriiac. 
NhhCl.    Mol.  weight,  53*4. 

One  part  of  ammonium  chloride  is  soluble  in  8  parts  of  cold, 
and  1 J  parts  of  hot  water.  It  is  chiefly  used  in  Turkey-red  and 
in  AniUne  black  dyeing.     Price  J642  per  ton. 

Ammonitim  Hydroxide  v.  Ammonia. 

Ammonium  Sulphocyanide  or  Ammonium  Thiocyanate. 
NH.CNS.    Mol.  weight,  76. 

Ammonium  sulphocyanide  is  very  soluble  in  water.  With 
copper  salts,  in  neutral  acid  or  solution,  it  forms  an  insoluble 
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salt,  and  it,  therefore,  counteracts  the  injurious  effect  of  copper 
on  some  dyestuffs.    Price,  95  per  cent.,  Id.  per  lb. 

Specific  Gravity  of   Solutions  of  Ammonia  at  16°  C. 

(59°  F.)  (Lunge  and  Wiernik). 


1  litre 

1  litre 

Si)ecif.  Gniv. 

%  NUa. 

contains 

Kmw.  Nlla 

atl5»C. 

Specif-  Grav. 

%NH8. 

contains 

grms.  NHg 

at  15°  C. 

1000 

0-00 

* 

0-0 

0-940 

15-63 

» 

146-9 

0-998 

0-45 

4-5 

0-938 

16-22 

152-1 

0-996 

0-91 

9-1 

0-936 

16-82 

157-4 

0-994 

1-37 

18-6 

0-934 

17-42 

162-7 

0-992 

1-84 

18-2 

0-932 

18-08 

168-1 

0-990 

2-31 

22-9 

0-930 

18-64 

173-4 

0-988 

2-80 

27-7 

0-928 

19-25 

178-6 

0-986 

3-30 

32-5 

0-926 

19-87 

184-2 

0-984 

3-80 

37-4 

0-924 

20-49 

189-3 

0-982 

4-30 

42-2 

0-9-22 

21-12 

194-7 

0-980 

4-80 

47-0 

0-9-20 

21-75 

200-1 

0-978 

5-80 

51-8 

0-918 

22-89 

205-6 

0-976 

6-80 

56-6 

0-916 

23-03 

210-9 

0-974 

6-30 

61-4 

0-914 

23-68 

216-3 

0-972 

6-80 

66-1 

0-912 

24-33 

221-9 

0-970 

7-31 

70-9 

0-910 

24-99 

227-4 

0-968 

7-82 

75-7 

0-908 

25-65 

282-9 

0-966 

8-83 

80-5 

0-906 

26-31 

238-3 

0-964 

8-84 

85-2 

0-904 

26-98 

243-9 

0-962 

9-35 

89-9 

0-902 

27-65 

249-4 

0-960 

9-91 

95-1 

0-900 

28-33 

255-0 

0-958 

10-47 

100-3 

0-898 

29-01 

260-5 

0-956 

1108 

105-4 

0-896 

29-69 

266-0 

0-954 

11-60 

110-7 

0-894 

30-37 

271-5 

0-952 

12-17 

115-9 

0-892 

31-05 

277-0 

0-950 

12-74 

121-0 

0-890 

31-75 

282-6 

0-948 

13-81 

126-2 

0-888 

32-50 

288-6 

0-946 

13-88 

131-3 

0-886 

83-25 

294-6 

0-944 

14-46 

136-5 

0-884 

34-10 

301-4 

0-942 

15-04 

141-7 

0-882 

34-95 

308-3 

The  number  of  pounds  of  NHg  per  gallon  is  found  by  dividing  by  100 
the  number  in  the  column  marked  *. 
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Ammonium  Vanadate, 
NH^VO,.    Mol.  weight,  llT'l. 

Ammonium  vanadate  is  employed  as  oxygen  carrier  in  the 
dyeing  of  Aniline  black.     Price,  £1  Is,  6d,  per  lb. 

Aniline, 

CqHbNH^.     Mol.  weight  93.     Price  5Jrf,  per  lb. 

Aniline  Hydrochloride  or  Aniline  Salt, 
CeH^NlhHCL    Mol.  weight,  129-5. 

Aniline  and  aniline  salt  are  used  in  dyeing  AniUne  black. 
Aniline  salt  frequently  contains  free  hydrochloric  acid.  This 
may  be  detected  by  Methyl  Violet  paper,  which  turns  green  if 
free  acid  is  present.     Price,  5rf.  per  lb. 

Antichlor,  v.  Sodium  Thiosidjyhate, 

Antimonine,  v.  Antimony  Lactate, 

Antimony  Lactate, — Anthnonine  or  Bi-Lactate  of  Antimony. 
(C.  H.  Boehringer  Sohn,  Ingelheim.) 

Antimony  lactate  contains  about  16  per  cent.  Sb203.  It 
should  be  used  with  the  addition  of  a  small  quantity  of  acetic 
acid.  The  bath  exhausts,  and  10  parts  of  Antimonine  will,  there- 
fore, replace  10  parts  of  tartar  emetic. 

Double  Oxalate  of  Antimony  and  Potassium.     (R.  Koepp  &  Co., 
Oestrich.) 
KsSb{C20^)s  +  4  H2O,     Mol.  weight,  673-6. 

Double  oxalate  of  antimony  and  potassium  contains  26  per 
cent.  Si^Oa.  The  salt  dissociates  very  readily.  10  parts  are 
equal  to  10  parts  of  tartar  emetic.     Price,  6rf.  per  lb. 

Double  Tartrate  of  Antimony  and  Potassium  or  Tartar  Emetic, 
K  (SbO)  C^H^Ob  +  ^  H2O,    Mol.  weight,  332-3. 

For  dissolving  1  part  of  tartar  emetic  : — 

19         12-6        8-2 5;^ _3;2  parts  of  water 

at     47°        70°         88°       122°       167°  F. 
are  necessary. 

A  good  quality  of  tartar  emetic  contains  42-75  per  cent,  of 
AV/gOs.  It  is  used  for  the  fixing  of  the  tannins.  If  the  bath  is 
used  repeatedly  the  acid  salt  which  is  formed  must  be  neutralised 
with  soda,  or  better  with  chalk.     Price,  8d.  per  lb. 
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Specific  Gravity  op  Solxitionb  of  Tartar  Emetic  at 

17J°  C.  (64°  F.)  (Strbit). 


Specific  Gravity. 

Degrees  Tw. 

Tartar  Enietic,  per  cent. 

1-005 

10 

0-5 

1-007 

1-4 

10 

1-009 

1-8 

1-5 

1-012 

2-4 

2-0 

•  1-015 

3-0 

2-5 

1-018 

8-6 

8-0 

1-022 

4-4 

3-5 

1-027 

6-4 

4-0 

1-031 

6-2 

4-5 

1-085 

7-0 

5-0 

1-088 

7-6 

5-5 

1-044 

8-8 

6-0 

Antimony  Salt  or  Double  Salt  of  Antimony  Fluoride  and 
Ammonium  Sulphate.    (E.  de  Haen,  Hanover.) 

SbFQ{NHi\S04.    Mol.  .weight,  309-3. 

Antimony  salt  contains  47  per  cent.  Si^Os.  9  parts  are 
about  equal  to  10  parts  of  tartar  emetic.  Free  acid  in  the 
fixing  bath  must  be  neutralised  with  soda  or  chalk.  Price  lOd. 
per  lb. 

Antimony  Sodium  Fluoride  or  Double  Flum^ide  of  Antimony. 
(K.  Koepp  &  Co.,  Oestrich,  Ehine.) 

SbF^aF.    Mol.  weight,  219. 

The  salt  is  readily  soluble  in  water.  It  contains  66  per  cent. 
ShzOs,  It  is  used  in  place  of  tartar  emetic.  10  parts  of  tartar 
emetic  correspond  to  6*6  parts  of  double  fluoride  of  antimony. 
Free  acid  in  the  fixing  bath  must  be  neutralised  with  soda. 
Price,  Id.  per  lb. 

Antimony  Trioxide. 

.SfcaOa.     Mol.  weight,  288-4. 

Antimony  trioxide  dissolved  in  caustic  soda  lye  and  glycerine, 
is  added  to  the  beta-naphthol  solution  in  order  to  prevent  cotton 
fabrics  which  have  been  prepared  with  this  solution  turning 
brown. 
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Relative  Strenotii  of  Antimony  Compounds,' 


Antimony  CJompound. 

Fonrula. 

Percentage  .^J/'sOs. 

1 

Tlieoreti- 
cal. 

Actual. 

Double  Fluoride  of  Antimony 

NaF.xSbF^ 

750 

730 

("75  per  cent.    Antimony 
Salt'*)         .        .         .         . 

/ 

Tartar  Emetic 

K{ShO)C\H,(\  +  \E^0 

43-4 

42-75 

Sodium  Antimony  Tartrate    . 

Na{SbO) C\H,Oa  +  i  IhO       . 

45-6 

44-4 

Froelich'B  Patent  Antimony 

SbFf,Na,{SbO){CM^  +  X  Ih<) 

410 

371 

Salt 

Antimony  Lactate . 

Acid  Sodium  Salt  of  Anti- 

monyl-Tiactic  Acid    . 
Acid  Sodium  Salt  of  Anti- 

13-0 

liquid  Antimon\'  Lactate 

12-6 

mony  1-Lactic  Acid    . 

[{SbO){cjhO^)\Ca,{C,H,0;), 

Antimonine    .... 

26-2 

13-0 

2C\H^0s 

Potassium  Antimony  Oxalate 

Sb{CiO,K\-\-^HiO     . 

28-7 

28-6 

Antimony  Trichloride    . 

SbCU 

63-6 

Antimony  Trifluoride     . 

SbFs 

80-4 

De  HaSn's  Antimony  Salt     . 

SbF^{NHt\SO,     . 

470 

Double  Fluoride  of  Antimony 

SbF^NaF      .... 

66-0 

64-8 

("66  per  cent.   Antimony 

Salt")         .        .        .         . 

• 

Aqua  Fortis,  v.  Nitric  Acid. 

Arsenate  of  Soda,  v.  Sodiiini  Arsenate. 

Basic  Aluminium  SidphateSyV.  j\luminium  Stdphate. 

Benzidine. 

H2N.CeHi.C^H^.NH2.     Mol.  weight,  184. 

Benzidine  coupled  with  beta-naphthol  gives  browns. 

Black  Liquor,  v.  Ferrous  Acetate. 
Bleaching  Powder,  v.  Calcium  Hypochlorite. 
Bichromate  iff  Potash,  v.  Potassium  Bichromate. 
Bichrome,  r.  Potassium  Bichromate. 
Bi'Lactate  of  Antimony,  v.  Antimony  Lactate. 
Blue  Stone,  v.  Cupric  Suljyhate. 
Blue  Vitriol,  v.  Cupric  Sulphate. 
Borax,  i\  Sodium  Borate. 


»  (W.  S.  Williams,  Journal  Soc.  Chem.  Jnd,  1906,  XXV.,  358.) 
B.D.  D 
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liunit  Lime,  r.  Calcium  Oxide. 

Calcium  Acetate  or  Acetate  of  Lime. 

CaiCiHsO^h.     Mol.  weight,  158. 

Calcium  acetate  is  used  in  the  production  of  mordants  and  in 
dyeing  Alizarine  red  on  chromium  mordant.  It  is  prepared  by 
slaking  12  lbs.  of  burnt  lime  with  5J  gallons  of  water,  to  which 
42  lbs.  of  acetic  acid,  9°  Tw.  and  5J  gallons  of  water  are  added. 
Price  £7  to  i£ll  per  ton. 

Specific  Gravity  op  Solutions  of  Calcium  Acetate  at  15°  C. 


Sp.  Gr. 

Degrees  Tw. 

Per  Cent. 
Cii((*a//sOi)8. 

10260 

5-2 

5 

1-0530 

10-6 

10 

1-0792 

15-8 

15 

11051 

210 

20 

1-1821 

260 

25 

1-1594 

320 

80 

Calcium  Carbonate, — Carbonate  of  Lime  or  Chalk. 
CaCOs.    Mol.  weight,  100. 

Calcium  carbonate  is  used  in  the  process  of  *'  chalking "  in 
Turkey-red  dyeing,  as  an  addition  to  the  tartar  emetic  bath  used 
in  the  fixing  of  tannins  and  for  the  purpose  of  neutralising 
acids  generally. 

Calcium  Hydrate,  r.  Calcium  Hydroxide. 

Calcium  Hydroxide, — Slaked  Lime  or  Calcium  Hydrate. 

Ca{0H)2.    Mol.  weight,  74. 

For  dissolving  1  part  of  calcium  hydroxide,  780  parts  of 
water  at  15°  C,  1,000  parts  of  water  at  54°  C,  and  1,500  parts 
of  water  at  100°  C.  are  required.  It  is  chiefly  used  in  the 
boiling  of  cotton  fabrics,  in  indigo  dyeing,  and  in  the  preparation 
of  mordants* 

Calcium  Hypochlorite  Ca(0Cl)2> 

Chloride  of  Lime  or  Bleachijig  Powder. 

CaOCh.     Mol.  weight,  127-6. 

Commercial  bleaching  powder  usually  contains  35  to  37  per 
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cent,  of  available  chlorine.  It  is  also  sold  in  solution  containing 
about  7  per  cent,  of  available  chlorine.  One  part  of  bleaching 
powder  is  soluble  in  about  20  parts  of  water.  Bleaching  powder 
is  the  principle  bleaching  agent  employed  in  the  bleaching  of 
vegetable  fibres. 

Strength  of  Bleaching  Powder  Solutions  (Lunge). 


Speciflc  GravitJ. 

W  ■  ^^  ^^fr^^kjk  rfh  tf^     ^T^aKB 

Available  Chlorine. 

Uegrees  iw. 

Onus,  per  Litre. 

Grains  per  Gallon. 

1-1155 

28-1 

71-79 

5025-3 

11150 

28 

71-50 

5005-0 

11105 

22-1 

68-66 

4806-2 

11100 

22 

68-00 

4760-0 

11060 

21-2 

65-38 

4578-1 

1-1050 

21 

64-50 

4515-0 

11000 

20 

61-17 

4281-9 

1-0950 

19 

58-33 

4083-1 

1-0900 

18 

55-18 

3862-6 

1-0850 

17 

52-27 

3658-9 

1-0800 

16 

48-96 

8427-2 

1-0750 

15 

45-70 

3199-0 

1-0700 

14 

42-31 

2961-7 

1-0650 

13 

88-71 

2709-7 

1-0600 

12 

85-81 

2506-7 

1-0550 

11 

32-68 

2-287-6 

1-0500 

10 

29-41 

2058-7 

1-0450 

9 

26-62 

1863-4 

1-0400 

8 

23-75 

1662-5 

1-0350 

7 

20-44 

1430-8 

1-0300 

6 

17-36 

1215-2 

1-0250 

5 

14-47 

1012-9 

1-0200 

4 

11-44 

798-7 

10150 

3 

8-48 

593-6 

1-0100 

2 

5-58 

390-6 

1-0050 

1 

2-71 

189-7 

1-0025 

i 

1-40 

98-0 

Price,  £4  10«.  per  ton. 

Calcium  Oxide, — Quicklime  or  Bunit  Lime. 
CaO.    Mol.  weight,  56. 


d2 
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Calcium  Oxide  in  Milk  of  Limb  at  15°  C.  (Lungk  and 

Blattner). 


Degrw»8  Tw. 

Dftgreo8  Be. 

C<i(f  per  cent, 
(by  weight). 

Dftgrees  Tw. 

Degrees  Be. 

16 

(V/0  percent, 
(by  weight). 

1-4 

1 

0-75 

25-0 

1413 

2-8 

2 

1-64 

26-8 

17 

15-00 

4-4 

8 

2-54 

28-4 

18 

15-85 

5-8 

4 

8-54 

30-4 

19 

16-75 

7-4 

5 

4-43 

32-4 

20 

17-72 

9  0 

6 

5-36 

34-2 

21 

18-61 

10-2 

7 

6-18 

36-0 

22 

19-40 

12-0 

8 

7-08 

380 

23 

20-34 

13-4 

9 

7-87 

40-0 

24 

21-25 

150 

10 

8-74 

42-0 

25 

22-15 

16-6 

11 

9-60 

44-0 

26 

28-08 

18-2 

12 

10-54 

46-2 

27 

28-96 

200 

13 

11-45 

48-2 

J28 

24-90 

21-8 

14 

12-35 

50-4 

29 

25-87 

23-2 

15 

13-26 

52-6 

30 

26-84 

Carbonate  of  Lime,  v.  Calcium  Carbonate. 

Castor  OiL 

Castor  oil  is  chiefly  used  in  the  manufacture  of  Turkey-red 
oils.    Price,  £33  per  ton. 

Catechu,  t*.  Natural  Dyestiifs. 

CaiLStic  Soda,  x\  Sodixim  Hydroxide. 

Chalk,  V.  Calcium  Carbonate. 

Chlorate  of  Potash,  v.  Potassium  Chlorate. 

Chloride  of  Lime,  v.  Calcium  Hypochlorite. 

Chloride  of  Soda,  v.  Sodium  Hypochlorite. 

Chrome  Alum.. 

CraCSOOs.  ^2^04  +  24  H2O.     Mol.  weight,  998*5. 

Chrome  alum  is  used  for  the  preparation  of  chromium 
mordants  and  in  the  after-treatment  of  substantive  cotton  dye- 
stuffs.    Price,  £16  per  ton. 
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Chromic  Hijdroxide,  t\  Chromium  Hydroxide. 

Chromium  Acetate. 
CraiC^ThOih'     Mol.  weight,  458. 

Chromium  acetate  is  prepared  by  dissolving  chromimn 
hydroxide  in  acetic  acid  or  by  the  double  decomposition  of 
chrome  alum  and  sugar  of  lead  or  calcium  acetate,  or  by  the 
reduction  of  bichrome  with  glucose  in  the  presence  of  acetic 
acid.  It  is  chiefly  used  as  a  mordant  in  calico  printing.  Price, 
6rf.  per  lb. 

Basic  Chromium  Acetate. 
Cr^C^IhOMOHh^    Mol.  weight,  W14. 

Basic  chromium  acetates  are  prepared  by  adding  soda  to  the 
normal  chromium  acetate.  Chromium  acetate  is  used  in  khaki 
dyeing. 

Chrom  i  a  m  Bim  Iph  ite. 

Cr^HS03h.    Mol.  weight,  590-5. 

Chromium  bisulphite  is  used  as  a  mordant  for  Alizarine 
colours.  It  is  prepared  by  mixing  a  strong  solution  of  chrome 
alum  with  an  excess  of  bisulphite  of  soda.     Price,  4«.  per  lb. 

Chromium  Chlorids. 
Cr^Cl^    Mol.  weight,  316-8. 

Chromium  chloride  is  prepared  by  the  double  decomposition  of 
chrome  alum  with  calcium  chloride,  or  by  dissolving  chromium 
hydroxide  in  hydrochloric  acid.  It  is  used  as  a  mordant  for 
Alizarine  colours.     Price  4s.  3(Z.  per  lb. 

Basic  Chromium  Chloride. 
CrCHOII)^.     Mol.  weight,  121-5. 

Basic  chromium  chloride  is  obtained  by  dissolving  chromium 
hydroxide  in  chromium  chloride.  It  is  used  for  mordanting 
cotton  yarn. 

Chromium  Chromate  or  Chromium  Mordant. 
G.A.L,  G.A.IL,  G.A.III.   (MLB). 

The  Hochster  Farbwerke  bring  mordants  under  this  name 
into  the  market  which  are  prepared  by  dissolving  chromium 
hydroxide  in  chromic  acid.  Chromium  mordant  G.A.IL,  which 
contains  acetic  acid,  is  specially  suitable  for  mordanting  cotton. 
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Specific  Gravity  of  Chromium  Mordant  G.A.II.  at  15°  C. 


Specific  Gravity. 

Degre<*8  Tw. 

1015 

3 

1025 

5 

1-035 

7 

1-045 

9 

1-055 

11 

1-065 

13 

1-075 

15 

1-085 

17 

1-095 

19 

1-105 

21 

1-115 

23 

1-126 

25 

1-136 

27 

1-145 

29 

1-165 

31 

1-165 

38 

Gnns.  pnr  litre 

Specific  Gravity. 

Degrees  Tw. 

10 

1176 

35 

20 

1-185 

87 

30 

1-195 

39 

40 

1-205 

41 

60 

1-216 

48 

60 

1-225 

45 

70 

1-235 

47 

80 

1-245 

49 

90 

1-260 

50 

100 

1-266 

63-2 

110 

1-276 

55-2 

120 

1-287 

57-4 

130 

1-298 

59-6 

140 

1-309 

61-8 

150 

1-320 

64-0. 

160 

1-328 

65-6 

Grms.  per  litre 


170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
800 
810 
817 


Chromium  Fluoride, 

CrFs  +  4  H2O.     Mol.  weight,  181. 

Is  used  for  the  after-treatment  of  certain  direct  cotton  and 
sulphur  dyestuffs  in  order  to  improve  the  fastness  to  washing. 

Chromium  Hydroxide  or  Chromic  Hydroxide, 
Cr2{0H)e.     Mol.  weight,  206. 

Chromium  hydroxide  is  obtained  by  jjrecipitating  a  solution  of 
chrome  alum  with  ammonia.  Dissolved  in  acetic  acid  it  forms 
chromium  acetate. 

Common  Salty  v.  Sodium  Chloride, 

Copper  Sulphate,  v.  Cupric  Suljyhate, 

Copper  Sulphide, 

CuS,     Mol.  weight,  95*6. 

Copper  sulphide  is  prepared  by  dissolving  flowers  of  sulphur  in 
caustic  soda,  and  by  adding  the  solution  to  a  solution  of  copper 
sulphate.  The  precipitate  is  washed  and  stored  under  water.  It 
is  chiefly  used  in  printing  and  dyeing  of  Aniline  black. 
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Copperas,  v.  Ferrous  Sulphate. 

Cotton  Spirits  or  Tin  Spirits. 

Cotton  spirits  are  mixtures  of  stannic  and  stannous  salts  with 
other  salts. 

Coio-dung. — Cow  and  sheep's  dung  are  chiefly  used  by  calico 
printers  for  fixing  mordants  which  have  been  printed  on,  in 
order  to  produce  clear  whites  in  dyeing. 

CnpHc  Chloride. 

CuCh  +  2  ifaO.     Mol.  weight,  170-5. 

Copper  chloride  is  employed  as  an  oxygen  carrier  in  the 
production  of  Aniline  black  and  Diphenyl  black.  Price,  Is.  lOd, 
per  lb. 

Cicpric  Sulphate, — Copper  Sulphate, — Blu£  Vitriol  or  Blue  Stone. 
CuSOi+  5  H2O.    Mol.  weight,  249-7. 

Copper  sulphate  is  used  in  the  after-treatment  of  direct 
cotton  dyes  in  order  to  improve  their  fastness  to  light,  and  in 
the  dyeing  of  Aniline  black. 


Specific  Gravity  of  Solutions  of  Copper  Sulphate  at  18°  C. 

(SCHIFF   AND   GeRLACH). 


Per  cent. 

For  cent. 

CvSOi 

Specific  Gravity. 

Degrees  Tw. 

CuSOi 

HpeciMc  Gravity. 

Degrees  Tw. 

+  6//jO. 

1-8 

+  6  UiO. 

1 

1-0093 

16 

1-1063 

21-3 

2 

10126 

2-5 

17 

1-1135 

22-7 

3 

1-0190 

8-8 

18 

1-1208 

24-2 

4 

1-0254 

5-0 

19 

1-1281 

25-6 

5 

1-0819 

6-4 

20 

1-1354 

27-1 

6 

1-0384 

7-7 

21 

1-1427 

28-5 

7 

1-0450 

9-0 

22 

1-1501 

30-0 

8 

1-0516 

10-8 

28 

1-1585 

31-7 

9 

1-0582 

11-6 

24 

1-1659 

83-2 

10 

1-0649 

13  0 

25 

1-1738 

34-8 

11 

1-0716 

14-3 

26 

11817 

36-2 

12 

1-0785 

15-7 

27 

1-1898 

37-9 

13 

1-0854 

17-1 

28 

1-1980 

39-6 

14 

10923 

18-4 

29 

1-2063 

41-3 

15 

1-0993 

19-9 

30 

1 

1-2146 

42-9 

40 
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10  gallons  of  water  dissolve  at : — 
50°     68°    86°     122°     158°     194°     212°  F. 
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156       208  lbs.  of  copper  sulphate. 


37      42      49       66 
Price  £20  per  ton. 

Dianisidine, 

H2N.CJh{0,CHs).C(ifh  (O.CIIs)  NIU    Mol.  weight,  244. 

Dianisidine,   coupled  with  beta-naphthol,  produces   reddish- 
violet.     See  "  Dianisidine  Blue." 

Divi-divi,  v.  Tannins, 

DoMe  Fluoride  of  Antimony ,  v.  Antimony  Sodium  Fluoride. 

Double  Salt  of  Antimony  Fluoride  and  Ammonium  Sulphate,  i\ 
Antimony  Salt. 

Fan  de  Labaraque,  v.  Sodium  Hypochlorite. 


Specific  Gravity  of  Pyrolignite  of  Iron  at  18°  C. 


Specifl  c  Gravity. 

Degrees  Tw. 

Grms.  per 

litre  Fe^Os. 

Speciftc  Gravity. 

Degrees  Tw. 

Grms.   per 
litre  Fe2(k. 

1-010 

20 

5 

1-144 

28-8 

100 

1-018 

8-6 

10 

1-151 

80-2 

106 

1025 

5-0 

15 

1-158 

31-6 

110 

1-032 

6-4 

20 

1-166 

83-0 

115 

1-039 

7-8 

25 

1-172 

34-4 

120 

1-046 

9-2 

80 

1-179 

35-8 

126 

1-058 

10-6 

36 

1-18G 

37-2 

130 

1-060 

12-0 

40 

1-198 

38-6 

186 

1-067 

13-4 

45 

1-200 

400 

140 

1-074 

14-8 

50 

1-207 

41-4 

145 

1081 

16-2 

55 

1-214 

42-8 

150 

1-088 

17-6 

60 

1-221 

44-2 

155 

1-095 

19-0 

66 

1-228 

45-6 

160 

1-102 

20-4 

70 

1-236 

470 

166 

1109 

21-8 

75 

1-242 

48-4 

170 

1-116 

23-2 

80 

1-260 

50-0 

176 

11-23 

24-6 

85 

1-258 

51-6 

180 

1-130 

26-0 

90 

1-266 

63-2 

185 

1-137 

27-4 

95 

1-274 

54-8 

190 
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Spboific  Gkavity  of  Solutions  of  Ebkbous  Sulphatb  at 

15°  C.  (59°  F.)  (Gbblach). 


D^-grees  Tw. 

Per  c*>nt. 
^e^■0^+7aqn. 

Specific  Gravity. 

Degrees  Tw. 

Per  cent. 
FeSO  i+ 7  aqu. 

Specific  Gravity. 

1-0 

1 

1005 

23-6 

21 

1-118 

2-2 

2 

1011 

26-0 

22 

1-125 

3-2 

3 

1016 

26-2 

28 

1131 

4-2 

4 

1021 

27-4 

24 

1-137 

5-4 

6 

1-027 

28-6 

25 

1-148 

6-4 

6 

1-032 

29-8 

26 

1-149 

7-4 

7 

1-037 

81-0 

27 

1-155 

8-6 

8 

1-043 

32-2 

28 

1-161 

9-6 

9 

1-048 

38-6 

29 

1-168 

10-8 

10 

1064 

34-8 

30 

1174 

11-8 

11 

1-059 

360 

81 

1'180 

130 

12 

1065 

37-4 

82 

1-187 

14-2 

13 

1-071 

38-6 

33 

1-193 

15-4 

14 

1077 

400 

34 

1-200 

16-4 

16 

1-082 

41-2 

35 

1-206 

17-6 

1(5 

1-088 

42-6 

36 

1-213 

18-8 

17 

1-094 

43-8 

87 

1-219 

20-0 

18 

1-100 

45-2 

38 

1-226 

21-2 

19 

1-106 

46-4 

89 

1-282 

22-2 

20 

1-112 

I 

47-8 

40 

1-239 

Ferric  Nitrate. 

tH^'Osk'    Mol.  weight,  483*8. 

Ferric  nitrate  is  prepared  by  dissolving  iron  in  nitric  acid.  It 
is  used  in  dyeing  iron -buff  and  Prussian  blue. 

Ferric  Sulphate.     {Nitrate  of  Iron.) 
Fe2{S(h)s.     Mol.  weight,  399-9. 

**  Nitrate  of  Iron  '*  consists  chiefly  of  ferric  sulphate.  Accord- 
ing to  Moyret  some  of  the  commercial  products  correspond  to 
the  formula  Fei{S0i)fi{0I[)2.  It  is  prepared  by  treating 
copperas  with  nitric  acid  and  sulphuric  acid.  It  may  be  used  in 
place  of  acetate  of  iron.     Price,  3^(/.  per  lb. 

Ferrous  Acetate, — Iron  Liquor, — Blach  Liquor  or  Pyroli(/nite 
of  Iron. 

FeiCJhO^)^  +  4  IhO.     Mol.  weight,  245*8. 
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Ferrous  acetate  is  prepared  by  dissolving  iron  in  pyroligneous 
acid,  or  by  double  decomposition  of  ferrous  sulphate  and  crude 
calcium  acetate. 

Impurities. — Ferrous  and  ferric  sulphate,  excess  of  acetic  acid. 

Ferrous  acetate  is  extensively  used  as  a  mordant  for  Alizarine 
colours,  for  black  dyeing  with  logwood,  and  hi  the  production  of 
iron-buffs  and  khaki  shades.     Price,  24°  Tw.,  5rf.  per  gallon. 

Ferrous  Sulphate, — Copperas  or  Oreen  Vitriol. 

FeSOi  +  7  JhO.    Mol.  weight,  278. 

Impurities, — Copper,  alumina,  zinc  and  free  acid. 

Ferrous  sulphate  is  readily  soluble  in  water,  and  is  used  as  a 
reducing  agent  in  indigo  dyeing,  in  the  dyeing  of  greys  and 
blacks,  in  the  fixing  of  tannin  mordants,  and  for  the  production  of 
various  iron  mordants.     Price,  £1 4«.  per  ton. 

Formaldehyde  or  Formalin, 
CH2O.     Mol.  weight,  30. 

The  commercial  formaldehyde  contains  from  30  to  40  per 
cent.  ClhO, 

The  fastness  to  washing  of  a  number  of  the  substantive 
cotton  dyestuffs  is  considerably  improved  by  an  after-treatment 
with  formaldehyde.     Price,  40  per  cent.,  52s.  6d.  per  cwt. 

Foiinic  Acid, 

ClhOi.    Mol.  weight,  46. 

Formic  acid  may  be  used  in  place  of  hydrochloric  acid  in. 
Aniline  black  dyeing,  and  as  a  substitute  for  acetic  acid  in  the 
dyeing  of  the  Alizarines.  It  is  also  employed  for  producing  the 
silk-like  "  scroop  "  on  mercerised  cotton.  Price,  90  per  cent., 
36«.  per  cwt. 

Oalls,  V.  Tannins. 

Glauber's  Salt,  v.  Sodium  Sulphate. 

Glucose  or  Grape  Sugar. 

Glucose  is  employed  as  a  reducing  agent  and  in  the  dyeing  of 
some  of  the  Thiogene  dyestuffs  (sulphur  dyestuffs).  Price,  14s. 
per  cwt. 

Green  Vitriol,  v.  Ferrous  Sulphate. 

Hydrochloric  Acid, — Muriatic  Acid  or  Spirits  of  Salt. 
HCl.    Mol.  weight,  86'5. 
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Specific  Gravity  of  Formic  Acid  at  68°  F.  (20°  C.) 

(BicHARDSoN  &  Allaire). 


1 

1 
1 

Fonnic  Acid. 
Pel  cent. 

Degrees  Tw. 

Specific  Gravity. 

1 
By  weight. 

By  volume. 

0-0 

0-9983 

0 

0-00 

0-4 

1-0020 

1 

0-82 

»0-9 

1-0045 

2 

1-64 

1-4 

1-0071 

3 

2-48 

1-9 

1-0094 

4 

3-30 

2-3 

1-0116 

5 

414 

2-8 

1-0142 

6 

4-98 

3-4 

1-0171 

7 

5-81 

3-9 

1-0197 

8 

6-68 

4-4 

1-0222 

9 

7-55 

4-9 

1-0247 

10 

8-40 

7-4 

1-0371 

15 

12-80 

9-8 

1-0489 

20 

17-17 

12-2 

1-0610 

25 

21-78 

14-6 

1-0780 

80 

26-37 

16-9 

1-0848 

35 

81-10 

J9-3 

1-0964 

40 

85-90 

21-7 

1-1086 

45 

40-82 

24-2 

1-1208 

50 

45-88 

26-4 

1-1321 

55 

51-01 

28-5 

1-1425 

60 

56-13 

30-8 

1-1644 

65 

61-44 

331 

1-1656 

70 

66-80 

35-4 

1-1770 

75 

72-27 

37-2 

11861 

80 

77-67 

391 

1-1954 

85 

83-19 

40-9 

1-2045 

90 

88-74 

42-8 

1-2141 

95 

94-48 

44-3 

1-2218 

1 

100 

100-00 

Impurities  in  commercial  hydrochloric  acid  : — Iron,  arsenic, 
sulphuric  acid,  organic  matter. 

Hydrochloric  acid  is  chiefly  employed  in  hleaching.  Price, 
(Tower  Salts,  80°  Tw.),  1«.  M. ;  (Cylinder,  30°  Tw.),  2«.  9(/.  per 
carbov. 


Specific  Gravity  of  Hydrochloric  Acid  at  15°  C.  (59°  F.) 

(LUNGK    AND    MaRCHLEWSKI). 


lOU   llM 

.  contAin 

1  ffiilloii  contaiDB 

Specific  Gravity 

^ 

at  i>l^  F. 

Degrees  Tw. 

ua. 

Aciil  of  32>Tw. 

livl. 

Acl(iof32'Tw. 

Ib». 

Il«. 

1-000 

0 

0-16 

0-49 

0-016 

0-049 

1-005 

1 

1-15 

3-58 

0-12 

0-86 

1-010 

2 

2-14 

6-66 

0-22 

0-67 

1-015 

8 

812 

9-71 

0-32 

0-99 

10-20 

4 

4-13 

12-86 

0-42 

1-81 

1-025 

5 

515 

16-04 

0-58 

164 

1-030 

6 

6-15 

19-16 

0-64 

1-97 

1-085 

7 

7-15 

22-27 

0-74 

2-31 

1-040 

8 

8-16 

25-42 

0-85 

2-64 

1-045 

9 

916 

28-58 

0-9(5 

2-98 

1050 

10 

1017 

31-68 

1-07 

3-33 

1-055 

11 

11-18 

84-82 

1-18 

3-67 

1-060 

12 

12-19 

37-97 

1-29 

4-03 

1-065 

13 

1319 

41-09 

1-41 

4-38 

1070 

14 

14-17 

44-14 

1-52 

4-72 

1-075 

15 

15-16 

47-22 

1-68 

5-08 

1-080 

16 

16-15 

50-31 

1-74 

5-48 

1-085 

17 

1713 

58-36 

1-86 

5-79 

1-090 

18 

18-11 

56-41 

1-97 

6-15 

1095 

19 

19-06 

59-37 

2-09 

6-50 

1-100 

20 

20-01 

62-33 

2-20 

6-86 

1-105 

21 

20-97 

65-82 

2-32 

7-22 

1-110 

22 

21-92 

68-28 

2-43 

7-58 

1-115 

23 

22-86 

71-21 

2-65 

7-94 

1-120 

24 

23-82 

74-20 

2-67 

8-31 

1-125 

25 

24-78 

77-19 

2-78 

8-68 

1-130 

26 

25-75 

80-21 

2-91 

9-06 

1135 

27 

26-70 

83-18 

3-08 

9-44 

1-140 

28 

27-66 

86-17 

3-15 

9-82 

1-145 

29 

28-61 

89-13 

3-28 

10-21 

1-150 

80 

29-57 

9211 

8-40 

10-59 

1-155 

31 

30-55 

95-17 

3-53 

10-99 

1-160 

32 

31-52 

98-19 

8-66 

11-89 

1-165 

33 

32-49 

101-21 

8-79 

11-79 

1-170 

84 

38-46 

104-24 

3-92 

12-20 

1-175 

85 

84-42 

107-22 

4-04 

12-60 

1-180 

86 

35 -39 

110-24 

4-18 

13-01 

1-1H5 

37 

8()-31 

11311 

4-30 

18-40 

1-190 

38 

87"23 

115-98 

4-48 

13-80 

1-195 

39 

38-16 

118-87 

4-56 

14-21 

1-200 

40 

39-11 

121-84 

4-G9 

1402 

CHEMICALS  AND  MORDANTS  45 

Hydrogen  Peroxide. 
II2O2.     Mol.  weight,  84. 

Commercial  hydrogen  peroxide  contains  about  3  per  cent,  of 
J/2O2.  Its  strength  is  usually  expressed  in  volumes  of  available 
oxygen.     3  per  cent.  H^(h  =  12  volumes  oxygen. 

Concentrated  solutions  are  very  unstable;  weak  solutions, 
slightly  acidulated  by  adding  a  small  quantity  of  phosphoric 
acid,  keep  much  better. 

Hydrogen  peroxide  is  an  excellent  bleaching  agent,  but  on 
account  of  its  high  price  it  cannot  be  used  in  cotton  bleaching. 
Price,  12  vols.,  Is.  per  gallon. 

TIfjdrosulphite,  v.  Sodium  Hydrosulphite  and  Sodium  Sulph- 
oxylate 'Formaldehyde. 

Hyposulphite  of  Soda,  v.  Sodium  Thiosulphate, 

Iron  Liquor,  v.  Ferrous  Acetate. 

Lead  Acetate  or  Sugar  of  Lead. 
Pb(C2Hs02)2  +  3  H2O.     Mol.  weight,  379. 

Sugar  of  lead  is  prepared  by  dissolving  litharge  in  acetic  acid. 
If  pyroligneous  acid  is  used  in  place  of  acetic  acid,  Brown  Sugar 
of  Lead  is  obtained. 

Sugar  of  lead  is  chiefly  used  in  the  preparation  of  mordants 
and  in  dyeing  chrome  yellow  and  orange. 

Basic  acetate  of  lead  is  obtained  by  boiling  a  solution  of  acetate 
of  lead  with  litharge.     See,  "  Chrome  Yellow,'*  p.  157. 

Lead  Nitrate. 

PK^V3)2.    Mol.  weight,  331. 

Lead  nitrate  is  used  in  the  preparation  of  mordants.  Price, 
£25  per  ton. 

Litharge. 

PbO.    Mol.  weight,  223. 

Litharge  is  used  in  the  preparation  of  basic  lead  acetate.  See 
"Chrome  Yellow.'*     Price,  Mil  10«.  per  ton. 

Ludigol.     (B.A.S.F.). 

Ludigol  is  added  to  the  boiling  liquor  in  the  kier  when  l)oiling 
pieces  containing  yarn  dyed  with  the  vat-colours,  in  order  to 
prevent  marking-off. 
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Specific  Giiavity  op  Solutions  of  Lead  Acetate  at  20°  C, 

(68°  F.)  (F.  Salomon), 


GrniM.  in 
ICO  C.C. 

8i>ecillc 
Gravity. 

Degroen  Tw. 

Grnis.  ii\ 
100  C.C. 

Si)eciflc 
Gravity. 

Degrees  Tw. 

1 

1-0062 

1-2 

26 

1-1603 

32-0 

2 

1-0124 

2-5 

27 

1-1663 

33-3 

8 

1-0186 

8-7 

28 

1-1723 

34-5 

4 

1-0248 

4-9 

29 

1-1783 

85-7 

5 

10311 

6-2 

80 

1-1844 

36-9 

6 

1-0373 

7-5 

31 

1-1908 

88-1 

7 

1-0485 

8-7 

32 

1-1963 

39-3 

8 

1-0497 

9-9 

83 

1-2022 

40-4 

9 

1-0559 

11-2 

34 

1-2082 

41-6 

10 

1-0622 

12-4 

85 

1-2142 

42-8 

11 

1-0684 

13-7 

86 

1-2201 

44-0 

12 

1-0746 

14-9 

37 

1-2'261 

45-2 

13 

10808 

16-2 

88 

1-2820 

46-4 

14 

1-0870 

17-4 

39 

1-2880 

47-6 

15 

1-0932 

18-6 

40 

1-2440 

48-8 

16 

1-0994 

19-9 

41 

1-2499 

45-0 

17 

1-1056 

211 

42 

1-2558 

51-2 

18 

1-1118 

22-4 

48 

1-2617 

52-8 

19 

1-1180 

23-6 

44 

1-2676 

53-5 

20 

1-1242 

24-8 

45 

1-2735 

54-7 

21 

1-1302 

26-0 

46 

1-2794 

55-9 

22 

1-1362 

27-2 

47 

1-2853 

57-1 

23 

1-1422 

28-4 

48 

1-2912 

58-2 

24 

1-1482 

29-6 

49 

1-2971 

59-4 

25 

1-1543 

30-9 

50 

1-8080 

60-6 

Price,  ii24  per  ton. 

Manganese  Sulphate, 
MnSOi.    Mol.  weight,  161. 

Manganese  sulphate,  like  "bronze  liquor,*'  may  be  used  in  the 
production  of  manganese  bronze.     Price,  £13  per  ton. 

Manganous  Chloride, 

MnCh  +  4H2O.     Mol.  weight,  198. 

Manganous  chloride,  known  in  commerce  as  "  bronze  liquor,"  is 
chiefly  employed  in  dyeing  manganese  bronze.  Price,  1«.  6d. 
per  lb. 
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Mt'tatolui/lenediamine. 
CH3.C(JIsiNHii)2.    Mol.  weight,  122. 

Metatoluylenediamine  is  used  for  developing  diazotised 
substantive  dyestuflfs. 

Monopole  Oilf  v.  Soap. 

Monopole  Soap,  v.  Soap. 

Muriatic  Acid,  v.  Hydrochloric  Acid. 

Myraholans,  v.  Tannins. 

NaphthoL     {Alpha-Naphthol,  Beta-Naphthol). 
CioH'jiOH).     Mol.  weight,  144. 

The  naphthols  dissolve  in  caustic  soda,  forming  salts  (naphtho- 
lates). 

Beta-naphthol  is  chiefly  used  in  the  production  of  "  Para  Red,*' 
the  developing  of -diazotised  Primuline,  etc.     Price,  la.  6d.  per  lb. 

Beta-naphthol  R  {M.L.B.). 

Beta-naphthol  B  is  a  mixture  of  beta-naphthol  with  beta- 
naphthol  monosulphonic  acid  F.  It  is  used  in  place  of  beta- 
naphthol  in  order  to  obtain  more  bluish  shades  of  "  Para  Red." 

Naphthylamine.     (A  Iplta-Naphthylamine) . 
CioH'jNH2.    Mol.  weight,  143. 

Alpha-naphthylamine  is  used  in  dyeing  Naphthylamine  Claret. 
Price,  Id.  per  lb. 

Nitric  Acid  or  Aqua  foriia. 
HNO^.    Mol.  weight,  63. 

Nitric  acid  is  usually  sold  at  about  66°  Tw. 
•    Impuiities. — Commercial  nitric  acid  may  contain  lower  oxides 
of  nitrogen,  iron,  sulphuric  acid,  sodium  sulphate  and  sodium 
nitrate. 

Nitric  acid  is  chiefly  used  in  the  preparation  of  mordants. 
Price,  89°  Tw.,  Ifrf.  per  lb. 

Nitrotoluidine. 

CHs.CeH^N02)NTh.    Mol.  weight,  162. 
Nitrotoluidine  is  used  in  the  production  of  a  brilliant  orange 
with  beta-naphthol. 

Olein,  V.  Turkey-red  Oil. 

Oil  of  Vitriol,  r.  Sidphunc  Acid. 
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Specific  Gravity  op  Nitric  Acid  at  15°  C. 

(Lunge  and  Key). 


Pftr  cent. 

Per  cent. 

DeKrees  B6. 

Dcgr»-»es  Tw. 

by  weiglit. 

Deyreos  B6. 

Dogroes  Tw. 

by  weigh  L 

0-0 

0 

010 

23-0 

88 

30-88 

0-7 

1 

1-00 

28-5 

39 

31-62 

1-4 

2 

1-90 

24-0 

40 

82-86 

2-1 

3 

2-80 

24-5 

41 

83-09 

2-7 

4 

3-70 

25-0 

42 

38-82 

8-4 

5 

4-60 

25-5 

43 

84-55 

4-1 

6 

5-50 

26-0 

44 

85-28 

4-7 

7 

6-38 

26-4 

45 

86-08 

5-4 

8 

7-26 

26-9 

46 

36-78 

60 

9 

8-13 

27-4 

47 

37-58 

6-7 

10 

8-99 

27-9 

48 

38-29 

7-4 

11 

9-84 

28-4 

49 

39-06 

8-0 

12 

10-68 

28-8 

50 

39-82 

8-7 

13 

11-51 

29-8 

51 

40-58 

9-4 

14 

12-33 

29-7 

52 

41-34 

10-0 

15 

13-15 

30-2 

53 

4210 

10-6 

16 

13-95 

30-6 

54 

42-87 

11-2 

17 

14-74 

311 

55 

43-64 

11-9 

18 

15-53 

31-5 

56 

44-41 

12-4 

19 

16-32 

32-0 

57 

45-18 

130 

20 

17-11 

32-4 

58 

45-95 

13-6 

21 

17-89 

32-8 

59 

46-72 

14-2 

22 

18-67 

38-3 

60 

47-49 

14-9 

23 

19-45 

83-7 

61 

48-26 

15-4 

24 

20-23 

34-2 

62 

49-07 

16-0 

25 

21-00 

H4-6 

63 

49-89 

16-5 

26 

21-77 

35-0 

64 

50-71 

171 

27 

22-54 

85-4 

65 

51-58 

17-7 

28 

28-31 

35-8 

66 

52-37 

18-3 

29 

24-08 

36-0 

66-5 

52-80 

18-8 

80 

24-84 

36-2 

67 

53-22 

19-8 

31 

25-60 

36-6 

68 

54-07 

19-8 

32 

26-36 

37-0 

69 

54-93 

20-8 

33 

27-12 

37-4 

70 

55-79 

20-9 

34 

27-88 

37-8 

71 

56-66 

21-4 

35 

28-63 

88-2 

72 

57-57 

22-0 

36 

29-38 

38-6 

73 

58-48 

22-5 

37 

30-18 

89-0 

74 

59-89 
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Specific  Gravity  of  Nitric  Acid  at  15°  C. — continin-d. 

(Lunge  and  Rky.) 


Per  cpiit. 

1 

1 

Per  cent. 

Degrees  B^. 

Degrees  Tw. 

nxos. 

1     Degrees  Bi. 

Degrees  Tw. 

nsf>H, 

75 

by  weight. 

1                                 ^^ 

1 

90 

by  weight. 

89-4 

60-30 

44-8 

77-28 

39-8 

76 

61-27 

45-1 

91 

78-60 

40-0 

61-92 

45-4 

92 

79-98 

40-1 

77 

62-24 

45-8 

93 

81-42 

40-5 

78 

63-23 

46-1 

94 

82-90 

40-8 

79 

64-25 

46-4 

95 

84-45 

41-2 

80 

65-30 

46-8 

96 

86-05 

41-6 

81 

66-40 

471 

97 

87-70 

420 

82 

67-50 

47-4 

98 

89-60 

42-3 

83 

68-63 

47-8 

99 

91-60 

42-7 

84 

69-80 

48-1 

100 

94-09 

48-1 

85 

70-98 

1      48-4 

101 

96-39 

43-4 

86 

72-17 

48-5 

97-50 

43-8 

87 

73-39 

48-7 

102 

98-10 

44-1 

88 

74-68 

1      49-0 

103 

99-07 

44-4 

89 

75-98 

49-4 

1 

104 

99-67 

Olive  Oil. 

Olive  oil  is  used  in  preparing  the  cotton  for  Turkey-red 
dyeing.  Emulsions  of  olive  oil  with  very  dilute  solutions  of 
soda  ash  are  extensively  used  for  softening  cotton  which  has 
been  dyed  Aniline  black,  chrome  yellow,  catechu  brown,  etc. 
Price,  £56  to  £60  per  ton. 

Oxalic  Acid. 

C^TWa  +  2  H2O.     Mol.  weight,  126.     Price,  2g(Z.  per  lb. 

Oxygen  Ponder,  v.  Sodium  Peroxide. 

Oxijmuriate  of  Tin,  v.  Stannic  Chloride. 

Paranitraniline, 

CtIh(N02)NH2.     Mol.  weight,  138. 

Paranitraniline  is  used  in  the  production  "  Para  Red  "  and  in 
the  "  coupling  "  of  substantive  dyestuffs. 

Percarbonate  of  Potash,  v.  Potassium  Percarhonate, 
B.D.  fi 
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Permanganate  of  Potash^  r.  Potassium  Permanganate, 

Peroxide  of  Hydrogen ,  v.  Hydrogen  Peroxide, 

Phenol  or  Carbolic  Acid. 
CeHsiOH).     Mol.  weight,  94. 

Phenol  dissolves  in  caustic  soda,  forming  phenate  of  soda.  It 
is  used  as  developer  for  diazotised  substantive  dyestuffs.  Price, 
crystallized  89^—40°,  7rf.,  per  lb. 

1  *h  enylenediam  inc. 
CeH^iNH^h'    Mol.  weight,  108. 
Phenylenediamine  is  used  as  a  developer. 

Phosphate  of  Soda,  i\  Sodium  Phosphate. 

Pink  Salt,  v.  Sta7inic  Chlonde. 

Potash  Alum,  v.  Alum, 

Potassium  Antimony  Tartrate,  v.  Double  Tartrate  of  Antimony 
and  Potassium. 

Potassium  Bichromate, — Bichromate  of  Potash  or  Bichrome. 
K^Crc/)^.     Mol.  weight,  294*2. 

Potassium  bichromate  is  used  in  dyeing  Aniline  black,  for  the 
after-treatment  of  direct  cotton  dyestuffs,  for  the  production 
of  chrome  yellow,  chrome  orange,  cutch  browns  and  logwood 
blacks. 


Specific  Gkavity   of  Solutions   of  Potassium   Bichromate   at 

19*5°  C.  (Kremers  and  Gerlach). 


Specific 
gravity. 

Degrees  Tw. 

1 

Per  cent 

1 

Sl)ecitic 
gravity. 

Degrees  Tw. 

Per  cont. 

1-007 

1-4 

1 

1-0C5 

13-0 

9 

1-015 

3  0 

2 

1-073 

14-6 

10 

1022 

4-4 

3 

1-080 

16-0 

11 

1-030 

60 

4 

1-085 

170 

12 

1037 

7-4 

5 

1-097 

19-4 

13 

1-043 

8-6 

6 

1-102 

20-4 

14 

1-050 

100 

7 

1110 

220 

15 

1-056 

11-2 

8 

1   . 

1 
1 
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Ten  gallons  of  water  dissolve  at : — 

3QQ    6(f    104°     176°    212^  F. 
5      8-5     29-4       73       102  lbs.  of  bichrome. 

Price,  Sid.  per  lb. 

Potassium  Carbonate, 

K^COs  +  2H2O.    MoL  weight,  174. 

Potassium  carbonate  is  used  in  indigo  dyeing  and  in  the 
dyeing  of  a  few  of  the  direct  cotton  dyestuflfs.  Soda,  on  account 
of  its  cheapness,  is  employed  in  place  of  it  wherever  possible. 
Price,  90  per  cent.,  £15  15«.  per  ton. 

Potassium  Chlorate  or  Chlorate  of  Potash. 
KCIOq.    Mol.  weight,  122-6. 

Solvhility. — 100  parts  of  water  dissolve  6  parts  of  KC10%  at 
15°  C,  and  60  parts  at  100°  C. 

Potassium  chlorate  is  chiefly  used  as  an  oxidising  agent  in 
dyeing  and  printing  of  Aniline  black.     Price,  %\d.  per  lb. 

Potassium  Ferricyanide  or  Red  Prussiate. 
K^e{CN)e.    Mol.  weight,  829*2. 

2J  parts  of  cold  water  or  IJ  parts  of  hot  water  dissolve  about 
1  part  of  potassium  ferricyanide.  With  ferrous  sulphate  it 
yields  TurnbuH's  blue.     Price,  9d.  per  lb. 

Potassium  Ferrocyanide  or  Yellow  Prussiate. 
KiFe{CNh  +  3  H^O.     Mol.  weight,  422-3. 

Three  parts  of  cold  water  or  1  part  of  boiling  water  dissolve 
1  part  of  potassium  ferrocyanide. 

Impurity. — Potassium  sulphate. 

It  is  used  in  Prussian  blue  dyeing  and  in  the  padding  of 
Aniline  black.     Price,  4Jd.  per  lb. 

Potassium  Hypochlorite  or  Eau  de  Javelle. 
KOCl.    Mol.  weight,  90-6. 

Potassium  hypochlorite  is  prepared  by  double  decomposition  of 
bleaching  powder  and  potassium  carbonate,  or  by  passing 
chlorine  gas  into  a  solution  of  caustic  potash.  It  is  rarely  used, 
the  cheaper  sodium  hypochlorite  being  generally  employed  in 
bleaching. 

Potassium  Percarhonate  or  Percarhonate  of  Potash. 
K2C2O6.    Mol.  weight,  198-2. 

£2 


62  BLEACHING   AND  DYEING 

Potassium  percarbonate  decomposes  in  acid  solution  into 
oxygen,  hydrogen  peroxide,  and  carbon  dioxide.  It  is  a  very 
powerful  bleaching  agent. 

Potassium  Permanganate  or  Permanganate  of  Potash. 
KMnOi.    Mol.  weight,  158. 

Potassium  permanganate  is  soluble  in  15  parts  of  cold,  and 
very  readily  soluble  in  hot  water.  It  may  be  used  as  a  stripping 
agent.  It  is  a  very  powerful  oxidising  agent  in  neutral,  in 
alkaline,  and  in  acid  solutions.    Price,  35«.  per  cwt. 

Preparing  Salt,  v.  Stannate  of  Soda, 

Pyroligneous  Acid,  i\  Acetic  Acid, 

Pyrolignite  of  Iron,  r.  Ferrous  Acetate. 

Quicklijue,  v.  Calcium  Oxide. 

Red  Liquor,  v.  Aluminium  Sulpho- Acetates, 

Red  Prussiate,  v.  Potassium  Ferricyanide. 

Resorcine. 

C^i{0H)2,    Mol.  weight,  110. 

Resorcine  is  used  as  a  developer  for  diazotised  substantive 
dyestuffs. 

Rongalite,  v.  Sodium  Sulphoxylate-Formaldehyde. 

•  Silicate  of  Soda,  v.  Sodium  Silicate, 

Slaked  Lime,  v.  Calcium  Hydroxide, 

Soap. 

The  soda  soaps  or  hard  soaps  are  chiefly  used  in  dyeing.  Of 
these  olive  oil  soaps  (Marseilles  soap)  are  employed  in  dyeing  the 
substantive  dyestuffs  and  in  soaping  dyed  materials.  The  soap 
should  be  neutral,  i,e,,  it  should  be  free  from  unsaponified  fat, 
and  it  should  not  contain  any  uncombined  alkali. 

Monopole  Soap, — (The  Bayer  Company,  Ltd.,  Manchester). 

Monopole  soap  gives  either  a  neutral  or  a  slightly  acid  re- 
action; it  is  not  affected  by  dilute  solutions  of  acids  or  by 
concentrated  salt  solutions.  It  does  not  form  precipitates  with 
lime  and  magnesia  salts,  because  the  salts  formed  are  soluble  in 
excess  of  the  soap.  In  order  to  brighten  shades,  and  for  dyeing 
substantive  dyestuffs,  especially  when  only  hard  water  is  available, 
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the  addition  of  J  to  1  per  cent,  of  Monopole  soap  to  the  dye-bath 
will  produce  excellent  results.     Price,  6rf.  per  lb. 

Monopole  0/7.— (The  Bayer  Company,  Ltd.,  Manchester,  and 
Dr.  A.  Schmitz,  Heerdt,  Germany). 

Monopole  oil,  in  its  behaviour,  is  similar  to  Monopole  soap. 

Castor  Oil  Soap  for  "  Para  Red:' 

Mix  20  lbs.  castor  oil  (of  the  first  pressing)  with  17  lbs.  caustic 
soda  lye,  36°  Tw.,  and  boil  for  1  hour  ;  allow  the  soap  to  cool  for 
about  5  hours,  then  add  4  lbs.  14ozs.  hydrochloric  acid,  82*^  Tw., 
boil  for  i  hour,  allow  to  cool,  and  syphon  off  the  salt  solution. 

Soda  r.  Sodium  Carbonate. 

Soda  Ash,  v.  Sodium  Carbonate. 

Soda  Crystals,  v.  Sodium  Carbonate. 

Sodium  Acetate  or  Acetate  of  Soda. 
Na{C^Ih(h)  +  3  7/2O.    Mol.  weight,  136. 

One  part  of  sodium  acetate  dissolves  in  3^  parts  of  cold,  and  in 
I  part  of  hot  water.  It  is  used  for  neutralising  mineral  acids 
and  as  an  addition  to  the  diazo-solutions  in  the  dyeing  of  colours, 
such  as  Paranitraniline  red,  etc.  It  is  also  added  to  the  water 
used  for  washing  cotton  which  has  been  dyed  with  the  sulphur 
colours.    Price,  i^l5  per  ton. 


Specific  Gravity  of  Solutions  of  Sodium  Acetate  at  17'5°  C. 

(Gbrlach). 


Degrees  T\r. 

Specltlc  Gnvity. 

^a(C\H^O<SL)  per  cent. 

\Kr  cent. 

80 

1015 

3-015 

5 

6-2 

1081 

6-030 

10 

9-4 

1-047 

9-045 

15 

12-6 

1063 

12-060 

20 

15-9 

1-0795 

15-075 

25 

19-2 

1-0960 

18-090 

30 

22-6 

1-1130 

21-105 

35 

26-1 

1-1305 

24120 

40 

29-7 

1-1485 

27-135 

45 

88-4 

1-1670 

30150 

50 
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Sodium  Arsenate  or  Arsenate  of  Soda, 
Na^IIAsOi  +  12  IhO.     Mol.  weight,  402. 

The  commercial  product  contains  beeides  sodium  arsenate, 
sodium  binarsenate  (NaH^sOi  +  IhO)  and  common  salt.  It  is 
used  as  a  fixing  agent  for  iron  and  aluminium  mordants,  and 
in  "  dunging  '*  as  a  substitute  for  cow-dung.  Price,  45  per  cent., 
£12  5s.  per  ton. 

Sodium  Bichromate  or  Bichromate  of  Soda. 
Na^Cr^O-j  +  2  1120.    Mol.  weight,  298. 

Sodium  bichromate  is  used  in  place  of  potassium  bichromate. 
It  is  more  readily  soluble,  and  cheaper  than  the  latter.  Price, 
3(7.  per  lb. 

Specific  Gravity  of  Solutions  of  Sodium  Bichromate 

(Stanley). 


Specific  Gravity. 

Degrees  Tw. 

1-4 

Ua^Cr^Oi  per  cent. 

1007 

1 

1035 

7-0 

5 

1-071 

14-2 

10 

1105 

21-0 

15 

1141 

28-2 

20 

1-171 

34-2 

26 

1-208 

41-6 

30 

1-245 

49-0 

35 

1-280 

66-0 

40 

1-813 

62-6 

46 

1-343 

68-6 

50 

Ten  gallons  of  water  dissolve  at : — 

32° 59°         86°  _  176^      212°  F._ 

107        109         127         143        163  lbs.  of  sodium  bichromate. 

Sodium  Bisulphite. 
NaHSOs.    Mol.  weight,  104. 

Sodium  bisulphite  is  usually  sold  in  solution,  varying  in 
strength  from  65°  to  78°  Tw. 

It  is  used  in  the  preparation  of  hydrosulphife  and  as  an  auti- 
chlor.     Price,  50°  Tw.,  3.5.  Sd.  per  cwt. 
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Specific  Gravity  op  Solutions  of  Sodium  Bisulphite. 


8p«ciflc  Gravity 
at  15" C.       , 

DGjfreos  Tw. 

NaHSOa 
per  cent. 

Specific  Gravity 
at  16'^  C. 

Dfj^rees  Tw. 

per  cent. 

1008     1 

1-6 

1-6 

1 

1      1-171 

1 

1 

34-2 

16-5 

1-022 

4-4 

2-1 

1-190 

38-0 

18-5 

1-038 

7-6 

8-6 

1-210 

42-0 

20-9 

1-052 

10-4 

5-1 

1-230 

46-0 

23-5 

1-068     1 

13-6 

6-5 

1-252 

50-4      1 

25-9 

1-084 

16-8 

80 

1-275 

55-0 

28-9 

1-100 

20-0 

9-5 

1-298 

59-6 

31-7 

1-116 

23-2 

11-2 

1-321 

64-2 

34-7 

1-134 

26-8 

12-8 

1-345 

69-0 

380 

1-152 

30-4 

14-6 

1 

The  Badische  Anilin  and  Soda  Fabrik  supply  sodium  bisulphite 
in  powder,  which  is  stable,  if  kept  out  of  contact  with  moist 
air. 

Sodium  Borate  or  Borax. 

Na^BiOrj  +  10  IhO.    Mol.  weight,  882. 

Sodium  borate  is  soluble  in  twenty  times  its  weight  of  cold, 
and  half  its  weight  of  boiling  water.  It  acts  as  a  weak  alkali, 
and  is  sometimes  used  in  the  dyeing  of  cotton  with  the  substantive 
dyestufifs. 

It  is  also  used  in  the  fire-proofing  of  fabrics.  Price,  £16 
per  ton. 

Sodium  CarbonaiCy — Soda  or  Soda  Ash. 
Na^COs.    Mol.  weight,  106. 

Soda  Crystals. 

Na^COs  +  10  H2O.    Mol.  weight,  286. 

Soda  ash  is  commercial  sodium  carbonate.  It  is  sold  in 
various  strengths,  48°,  52°,  66°,  and  58°.  Each  degree  corre- 
sponds to  1  per  cent,  of  sodium  oxide. 

Ten  gallons  of  water  dissolve  at : — 

32°      50°      59°      68°      86°      90*5°       93°  and  174°      212°  F. 
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46-2 


45-1 


7-1     12-6     16-5     21-4     38*1 
lbs.  of  pure  sodium  carbonate. 

Soda  ash,  58°,  contains  98  to  99  per  cent,  of  sodium  carbonate. 


ne 
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Specific  Gkavity  of  Solutions  of  Sodium  Carbonate  at  15°  C, 

(Lunge). 


1 

1 

I 

Per  cpnt. 

by  weight. 

speciiic 

Degreea 

Degrees 

Gravity. 

Beauin6. 

Tw. 

1 
1 

■t-  10  aq. 

1-007 

1 

1-4 

0-67 

1-807 

1014 

2 

2-8 

1-33 

3-587 

1-022 

3 

4-4 

1      2-09 

5-637 

1-029 

4 

5-8 

2-76 

7-444 

1036 

5 

7-2 

3-43 

9-251 

l-04r) 

6 

9-0 

4-29 

11-570 

1052 

7 

10-4 

4-94 

13-323 

l-0«0 

8 

12-0 

5-71 

15-400 

1-067 

9 

13-4 

6-37 

17-180 

1-075 

10 

150 

7-12 

19-203 

1-083 

11 

16-6 

7-88 

21-252 

1-091 

12 

18-2 

8-62 

23-248 

1-100 

18 

20-0 

9-43 

25-432 

1-108 

14 

21-6 

10-19 

27-482 

1-116 

15 

23-2 

10-95 

29-532 

1-125 

16 

25-0 

11-81         1 

31-851 

1-134 

17 

26-8 

12-61 

34009 

1-142 

18 

28-4 

13-16 

35-493 

1-152 

19 

80-4 

14-24 

1 

38-405 

Impurities, — Iron,  sulphides,  sodium  chloride,  sodium  sulphate. 

Soda  ash  is  extensively  used  in  the  boiling  of  cotton  goods,  in 
dyeing  with  the  substantive  and  the  sulphur  dyestuffs,  and  for 
neutralising.    Price,  58  per  cent.,  £4  per  ton. 

Sodium  Chlorate. 

NaClOQ.    Mol.  weight,  106-5. 

One  part  of  sodium  chlorate  is  soluble  in  1  part  of  cold,  or 
in  J  part  of  hot  water.  It  is  more  readily  soluble  than 
the  potassium  salt,  in  place  of  which  it  may  be  used.  Price, 
S^d.  per  lb. 

Sodium  Chloride  or  Common  Salt, 
NaCl.     Mol.  weight,  68-5. 

Sodium  chloride  is  chiefly  used  in  dyeing  with  the  substantive 
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dyestuflfs,  the  Eosines,  the  sulphur  dyestuffs,  and  in  the  prepara- 
tion of  sodium  hypochlorite  by  electrolysis. 

The  temperature  of  the  water  has  practically  no  influence  on 
the  solubility  of  common  salt. 

Impurities. — Magnesium  chloride,  sodium  sulphate,  calcium 
sulphate. 

Specific  Gravity  op  Solutions  of  Sodium  Chloride  at  15°  C 

(Gbrlach). 


Specillc  Gravity. 

Degrees  Tw. 

NaCl.  per  cent. . 

100725 

1-6 

1 

101450 

2-9 

2 

1-02174 

4-3 

3 

1-02899 

5-8 

4 

1-03624 

7-2 

5 

1-04866 

8-7 

6 

1-05108 

10-2 

7 

1-05851 

11-7 

8 

1-06598 

13-2 

9 

•  1-07885 

14-6 

10 

1-08097 

16-2 

11 

1-08859 

17-7 

12 

1-09622 

19-2 

18 

1-10884 

20-8 

14 

1-11146 

22-3 

16 

1-11938 

23-9 

16 

1-12780 

25-4 

17 

1-18528 

27-0 

18 

1-14315 

28-6 

19 

1-15107 

30-2 

20 

1-15931 

31-8 

21 

1-16755 

33-5 

22 

1-17580 

35-1     i 

23 

118404 

86-8 

24 

1-19228 

88-4 

25 

1-20098 

40-2 

26 

1-20483 

40-8     ; 

Sat 

26-395 
.urated. 

Price  19«.  per  ton. 

Sodium  Ferricyanide. 

iVoefVa  (('N)i2  +  lUO.     Mol.  weight,  579-8. 
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Sodium  Ferrocyanide, 

NosFe^  (CN)i2+  ThO.     Mol.  weight,  625-8. 

Sodium  ferricyanide  and  ferrocyanide  may  be  used  in  place  of 
the  corresponding  potassium  salts.   Price,  Sd.  per  lb. 

Sodium  Hydrate,  r.  Sodium  Hydroxide. 

Sodium  Hydrosulphite. 
Na2S20i.    Mol.  weight,  174. 

Sodium  hydrosulphite  is  chiefly  used  in  dyeing  the  vat-dye- 
stuffs  and  in  the  preparation  of  the  hydrosulphite  indigo  vat. 
It  is  prepared  by  reducing  sodium  bisulphite  with  zinc-dust.  See 
'*  Hydrosulphite  Vat." 

Hydrosidphite  cone,  B.A.S.F.,  powder,  and  Hydrosulphite  cone,, 
poivder,  M,L.B.,  are  anhydrous  sodium  hydrosulphites.  They 
are  readily  soluble  in  water,  fairly  stable  in  alkaline  solutions, 
but  they  decompose  rapidly  in  neutral  solution  and  on  exposure 
to  air. 

Where  vat  dyestuffs  are  regularly  used,  it  is  advisable  to  order 
the  supply  of  hydrosulphite  packed  in  tins  of  such  a  size  that 
the  whole  contents  of  a  tin  can  be  used  up  in  one  day. 

Hydrosulphite  exposed  to  the  air  in  contact  with  cotton  or 
paper  readily  takes  fire. 

Sodium  hydrosulphite  is  an  excellent  stripping  agent. 

See  also  "  Sodium  Sulphoxylate-formaldehyde." 

Sodium  Hydroxide, — Caustic  Soda  or  Sodium  Hydrate. 
NaOH.    Mol.  weight,  40. 

Two  parts  of  cold  water  or  |  part  of  boiling  water  dissolve  1  part 
of  caustic  soda. 

In  commerce,  caustic  soda  is  sold  as  48°,  60°,  70°,  74°,  76°,  77°. 
Each  degree  represents  1  per  cent  of  sodium  oxide. 

Impurities. — Caustic  soda  may  contain  soda,  Glauber's  salt 
and  common  salt,  the  presence  of  which,  if  the  specific  gravity  is 
ascertained  by  means  of  the  hydrometer,  will  give  unreliable 
results.  Strong  (90°  Tw.)  caustic  soda  also  sometimes  contains 
ferrates,  aluminates  and  manganates. 

Caustic  soda  is  very  largely  used  in  the  boiling  of  cotton,  in 
mercerising,  in  dissolving  of  beta-naphthol,  etc*,  in  indigo 
dyeing  and  in  the  manufacture  ot  soap.  Price,  78  per  cent.. 
£10  15s.  per  ton. 
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Specific  Graviit  of  Caustic  Soda  Lye  at  59°  F.  (Lunge). 


Degrees 

Degrees 

8p«;lllc 

Per  cent. 

Degrees 

Degrees 

Sj'eciflc 

Per  cent. 

Beaume. 

Tw. 

Oravity. 

A'oOtf. 

Deaiime. 

Tw. 

Gravity. 

NaOll. 

1 

1-4 

1007 

0-61 

26 

440 

1-220 

19-58 

2 

2-8 

roi4 

1-20 

27 

46-2 

1-231 

20-69 

3 

4-4 

1022 

200 

28 

48-2 

1-241 

21-42 

4 

5-8 

1-029 

2-71 

29 

50-4 

1-252 

22-64 

5 

7-4 

1-036 

3-35 

30 

52-6 

1-263 

23-67 

6 

9-0 

1-045 

4-00 

81 

54-8 

1-274 

24-81 

7 

10-4 

1-062 

4-64 

32 

57-0 

1-285 

25-80 

8 

12-0 

1-C60 

5-29 

38 

59-4 

1-297 

26-83 

9 

13-4 

1-067 

5-87 

34 

61-6 

1-308 

27-80 

10 

15-0 

1-075 

6-56 

85 

64-0 

1-320 

28-83 

11 

16-6 

1-083 

7-31 

36 

66-4 

1-882 

29-93 

12 

18-2 

1091 

8-00 

37 

690 

1-345 

31-22 

13 

200 

1-100 

8-68 

38 

71-4 

1-357 

32-47 

14 

21-6 

1108 

9-42 

39 

740 

1-370 

33-69 

15 

23-2 

1-116 

1006 

40 

76-6 

1-883 

84-96 

16 

25-0 

1-125 

10-97 

41 

79-4 

1-897 

36-25 

17 

26-8 

1-134 

11-84 

42 

82-0 

1-410 

37-47 

18 

28-4 

1-142 

12-64 

43 

84-8 

1-424 

38-80 

19 

80-4 

1-152 

13-56 

44 

87-6 

1-488 

39-99 

20 

32-4 

1-162 

14-37 

45 

90-6 

1-468 

41-41 

21 

34-2 

1-171 

16-13 

46 

93-6 

1-468 

42-83 

22 

360 

1-180 

16-91 

47 

96-6 

1-488 

44-38 

23 

38-0 

1-190 

16-77 

48 

99-6 

1-498 

46-15 

24 

400 

1-200 

17-67 

49 

102-8 

1-614 

47-60 

25 

420 

1-210 

18-58 

50 

106-0 

1-530 

49-02 

Sodium  Hypochlorite, — Chloi'ide  of  Soda  or  Eau  de  Labaraque. 
NaOCl.    MoL  weight,  74-5. 

A  solution  of  sodium  hypochlorite  of  6°  to  7°  Tw.,  may  be 
prepared  in  the  following  manner: — Mix  100  lbs.  of  bleaching 
powder  with  about  40  gallons  of  water.  Dissolve  60  lbs.  of  soda 
(98  per  cent.  iV^aCOs)  in  about  20  gallons  of  hot  water  and  add 
about  10  gallons  of  cold  water.  Add  the  soda  solution  to  the 
bleaching  powder  paste  and  stir  for  about  ^  hour.  Allow  to 
settle  for  about  12  hours,  draw  off  the  clear  solution,  wash  the 
precipitate  with  cold  water  3  to  4  times,  and  add  the  clear  wash- 
water  to  the  hypochlorite  solution  which,  when  diluted  to  about 


60  BLEACHING  AND  DYEING 

150  gallons,  will  show  a  specific  gravity  of  6^  to  7°  Tw.  1  to  2  lbs. 
of  soda  ash  added  to  this  solution  will  precipitate  the  remaining 
lime.     The  solution  should  react  slightly  alkaline. 

Sodium  hypochlorite  may  also  be  prepared  by  the  electrolysis 
of  a  solution  of  common  salt  or  by  passing  chlorine  gas  into 
caustic  soda  lye,  which  must  be  kept  at  a  low  temperature  in 
order  to  prevent  loss  owing  to  the  formation  of  chlorates. 

Sodium  Nitrite. 

NaN02    Mol.  weight,  69. 

The  commercial  sodium  nitrite  usually  contains  from  92  to 
98  per  cent,  of  NaN02>  It  is  used  for  diazotising.  Price,  96  to 
98  per  cent.,  d626  per  ton. 

Sodium  Peroxide  or  Oxygen  Powder. 
Na^O^'    Mol.  weight,  78. 

Sodium  peroxide  dissolves  in  water  with  liberation  of  oxygen. 
If  the  water  is  acidulated,  hydrogen  peroxide  is  formed,  but  no 
oxygen  is  evolved. 

Paper  or  cotton  are  set  alight  if  sodium  peroxide  is  spilt  on  to 
them,  and  care  has,  therefore,  to  be  taken  not  to  allow  it  to  come 
into  contact  with  organic  matter. 

Sodium  peroxide  may  be  used  as  a  bleaching  agent.  It  is, 
however,  too  costly  for  bleaching  ordinary  cotton  goods.  Price, 
Is.  per  lb. 

Sodium  Perborate. 

NaBOQ  +4  H2O.    Mol.  weight,  154. 

Sodium  perborate  is  a  very  powerful  bleaching  agent.  See 
"  Bleaching."     Price,  Is.  9d.  per  lb. 

Sodium  Phosphate  or  Phosphate  of  Soda. 
Na^HPOi  +12  TW.     Mol.  weight,  868. 

Thirty-five  parts  of  cold  or  1  part  of  hot  water  dissolve  1  part  of 
sodium  phosphate. 

It  is  used  in  dyeing  the  direct  cotton  dyestuflfs  and  for  the 
fixing  of  aluminium  mordants  in  the  dyeing  of  Alizarine  red. 
Price,  £9  10s.  per  ton. 

Sodium  SilicatCy — Soluble  Glass, — Silicate  of  Soda  or  Sodium 
Tetrasilicate. 
Na^iSiiOg.     Mol.  weight,  303. 
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Sodium  silicate  is  supplied  as  a  solution  of  70°  to  140°  Tw. 

It  acts  as  a  mild  alkali,  and  is  used  in  the  boiling  of  cotton 
goods  and  for  fixing  chromium  and  iron  mordants.  Price, 
100°  Tw.,  £8  lis.  6rf. 

Sodium  StannatCj  v.  Stannate  of  Soda. 

Stannate  of  Soda,—  Sodium  Stannate  or  Preparing  Salt. 
Na2  SnOs.     Mol.  weight,  218. 

Stannate  of  soda  is  used  as  a  mordant  especially  for  Eosines, 
Cotton  Blues,  etc.  Stannic  hydroxide  is  fixed  on  the  fibres  by 
impregnating  the  goods  with  a  solution  of  stannate  of  soda  and 
by  passing  them  afterwards  through  weak  sulphuric  acid.  Price, 
40  per  cent.,  £4  per  cwt. 

Sodium  Sulpliate. 

Na^SOi.    Mol.  weight,  142. 

Glunher's  Salt. 

NaiSOi  +10  H2O.     Mol.  weight,  322. 

Specific  Gravity  of  Solutions  of  Sodium  Sulphate  at 

19°  C.  (66-2°  F.)  (Schiff). 


Sp.  Or. 

Degrees 
Tw 

10//9O 

Calcined 

8p.  Or. 

Degrees 
Tw 

Calcined 
Noi/aOi 

X   *Ta 

per  cent. 

1 

per  cent. 

1 

X  w  • 

per  oont. 

per  cent. 

10040 

0-8 

0-441 

10642 

12-8 

16 

7-056 

10079 

1-6 

2 

0-881 1 

1  1-0683 

13-7 

17 

7-497 

1-0118 

2-4 

8 

1-323 

10725 

14-5 

18 

7-938 

1-0158 

3-2 

4 

1-764 

1-0766 

15-3 

19 

8-379 

1-0198 

8-9 

5 

2-205 

1-0807 

16-1 

20 

8-820 

1-0238 

4-8 

6 

2-646 

1-0849 

17-0 

21 

9-261 

1-0278 

5-6 

7 

3-087 

1-0890 

17-8 

22 

9-702 

1-0318 

6-4 

8 

3-528 

1-0931 

18-6 

23 

10-143 

1-0358 

7-2 

9 

3-969 

1-0973 

19-5 

24 

10-584 

1-0398 

8-0 

10 

4-410 

1-1015 

20-3 

25 

11025 

1-0439 

8-8 

11 

4-851 

1-1057 

21-1 

26 

11-466 

1-0479 

9-6 

12 

5-292 

1-1100 

220 

27 

11-907 

1-0520 

10-4 

13 

5-373 

1-1142 

22-8 

28 

12-348 

1-0560 

11-2 

14 

6-174 

:  1-1184 

23-7 

29 

12-789 

1-0601 

12-0 

1 

16 

6-615 

1 

,  1-1226 

1 

24-5 

30 

13-230 
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Ten  gallons  of  water  dissolve  at : — 

82^      bO""      59°      68°      77°      86°      91-5°      104°      217'5°  F. 
5  9        13        19        28        40'       50  49  42*6 

lbs.  of  calcined  Glauber's  salt. 

220  parts  of  crystallised  sodium  sulphate  are  equal  to  100 
parts  of  calcined  sodium  sulphate.  Sodium  sulphate  is  chiefly 
used  as  addition  to  the  dye-bath  in  dyeing  the  direct  cotton,  the 
sulphur,  and  the  vat  dyestufifs.     Price,  £2  per  ton. 

Impurity. — Sodium  chloride. 

Sodium  Sulphide. 

Na2S  +9  H2O.     Mol.  weight,  240. 

Sodium  sulphide  is  readily  soluble  in  water.  One  part  of  the 
concentrated  product  is  equal  to  2  parts  of  sodium  sulphide 
crystals.  It  is  used  in  the  preparation  of  copper  sulphide,  but 
chiefly  for  dissolving  the  sulphur  dyestuffs. 

If  stored  for  too  long  a  time  it  decomposes,  sodium  sulphate 
and  carbonate  being  formed.  Price,  concentrated,  £8  per  ton ; 
crystallised,  £5  10s.  per  ton. 

Sodium  Sidphoxylate-Formaldehyde. 

Ilyralditc  (Cassella)  is  a  stable  formaldehyde  compound  of 
hydrosulphite. 

Hyraldite  for  stripping  (Cassella)  and  Decroline  (B.A.S.F.), 
are  specially  used  for  stripping  colours.  The  following  method 
is  recommended : — 

The  temperature  of  the  stripping  bath  should  be  from 
105°  to  120°  ¥.  Enter  the  goods,  raise  gradually  to  the  boil 
during  J  to  J  hour,  boil  for  20  to  30  minutes,  rinse  thoroughly, 
neutralise,  if  necessary,  and  finally  rinse  well. 

For  100  lbs.  of  material  to  be  stripped  use  2  to  4  lbs.  of 
Hyraldite  fm-  stripping,  2J  to  5J  lbs.  of  formic  acid,  85  per  cent., 
or  IJ  to  2^  lbs.  of  sulphuric  acid. 

Hydrosulphite  NF  extra  (Meister  Lucius  and  Briming)  and 
liongalite  C  (Badische  Anilin  und  Soda  Fabrik),  also  belong  to 
the  formaldehyde  compounds  of  sodium  sulphoxylate.  Price, 
2«.  per  lb. 

Hydrosulphite  A.  Z.  (MLB),  is  a  basic  zinc-hydrosulphite- 
formaldehyde  compound,  chiefly  used  for  stripping. 

See  also  "  Sodiiun  Hydrosulphite.'* 
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Sodiinn  Tetrasihcatey  v.  Sodium  Silicate. 

Sodium  Thiosidphate, — Hyposidphite  of  Soda  or  Antichlor. 
Na^SiOs  +  5  H2O.    Mol.  weight,  248. 

Sodium  thiosulphate  is  used  as  an  antichlor  after  bleaching 
with  a  hypochlorite.     Price,  £5  10«.  per  ton. 

Sodium  Tungstate, 

Na2W04.  +  2  H2O.    Mol.  weight,  330. 

Sodium  tungstate  is  applied  to  cotton  fabrics  in  order  to  render 
them  non-inflammable. 

Sohible  Olass,  v.  Sodium  Silicate, 

Soluble  Oily  v.  Turkey-red  Oil. 

Spirits  oj  Salt,  v.  Hydrochloric  Acid. 

Stannic  ChloHde  or  Oxymuiiate  of  Tin. 
SnCh.    Mol.  weight,  260-8. 

Stannic  chloride  is  used  for  mordanting  cotton  which  has  to  be 
dyed  brilliant  shades  with  basic  and  other  dyestuffs. 

Pink  Salt. 

SnCk  +  2  NHiCl.     Mol.  weight,  367-8. 

Pink  salt  has  been  formerly  employed  in  place  of  stannic 
chloride. 

See  also  Cotton  Spiiits  and  Tin  Spirits. 

Stannous  Chloride, — Tin  Crystals  or  Tin  Salt^ 
SnCk  +  2  H^O.     Mol.  weight,  225*9. 

Stannous  chloride  is  chiefly  used  in  the  preparation  of  tin 
mordants  and  for  brightening  Turkey-red. 

Sulphated  Oil,  v.  Turkey-red  Oil. 

Sugar  of  Lead,  v.  Lead  Acetate. 

Sulphuric  Acid  or  Oil  of  Vitriol. 
HiSOi.    Mol.  weight,  98. 

The  weakest  sulphuric  acid  is  the  so-called  chamber  acid, 
which  has  a  specific  gravity  of  I'oO  to  1-60,  whilst  the  acid  known 
as  brown  oil  of  vitriol  (B.O.V.)  has  a  specific  gravity  of  about 
1-70. 

The  concentrated  acid  known  in  commerce  as  oil  of  vitriol 
(O.V.),  01  double  oil  of  vitriol  (D.O.V.),  is  obtained  by  further 
concentration  of  the  B.O.V.     When  mixing  sulphuric  acid  and 
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Specific   Gravity  of   Solutions  of  Tin  Crystals  at  15°  C. 

(Gerlaoh). 


* 

Sp.  Gr. 

Degrees  Tw. 

SnCh.  2  UtP 
per  cent. 

Sp.  Gr. 

Degrees  Tw. 

SnCh.  2  HiU 
per  cent. 

1013 

2-6 

2 

1-880 

66-0 

40 

1026 

5-2 

4 

1-852 

70-4 

42 

1040 

8-0 

6 

1-874 

74-8 

44 

1054 

10-8 

8 

1-397 

79-4 

46 

1-068 

18-6 

10 

1-421 

84-2 

48 

1-083 

16-6 

12 

1-445 

890 

50 

1-097 

19-4 

14 

1-471 

94-2 

52 

1113 

22-6 

16 

1-497 

99-4 

54 

1-128 

25-6 

18 

1-525 

105-0 

56 

1144 

28-8 

20 

1-554 

110-8 

58 

1161 

32-2 

22 

1-582 

116-4 

60 

1-177 

85-4 

24 

1-613 

1-22-6 

62 

1194 

88-8 

26 

1-844 

128-8 

64 

1-212 

42-4 

28 

1-677 

135-4 

66 

1-280 

46-0 

80 

1-711 

142-2 

68 

1-249 

49-8 

82 

1-745 

149-0 

70 

1-268 

58-6 

34 

1-783 

196-6 

72 

1-288 

57-6 

36 

1-821 

164-2 

74 

1-309 

61-8 

38 

1-840 

168-0 

75 

Price,  Is,  OJd.  per  lb. 

water  the  acid  should  always  be  allowed  to  flow  in  a  thin  stream 
into  the  cold  water  with  continuous  stirring. 

Impurities. — Lead,  iron,  arsenic,  sulphur  dioxide,  nitrous  gases 
and  selenium. 

Sulphuric  acid  is  chiefly  used  in  bleaching. 

Price,  168°  Tw.,  £3  28.  6d.  per  ton. 

Sumach,  v.  Tannins. 
Sumach  Extract,  v.  Tannins. 

Tannins. 

The  tannins  are  readily  absorbed  by  the  vegetable  fibres. 
They  are  capable  of  forming  insoluble  compounds  with  antimony 
and  with  the  heavy  metals. 

Basic  coal  tar  colours  are  precipitated  by  the  tannins.  They 
are,  therefore,  chiefly  employed  as  mordants  for  these  dyestulfs. 
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Specific  Grwity  op  Sulphubic  Acid  (Lunqe  and  Isler). 


S|K»cific 
Gravity  at 

I)«»>»rees 
Tw. 

100  IbH. 
contain 

1  gallon 
conlains 

1    Specific 
Uravitv  at 

l>Krt»eH 
'1'... 

100  lbs. 
contain 

1  gallon 
conUiiuH 

60^  F. 

Ih^Ui. 

lbs. 

60'  F. 

Iw. 

IhS'U. 

]hs<U' 

lbs. 

'1 

lbs. 

lbs. 

1-005 

1 

0-83 

0-08 

1-450 

90 

55-03 

7-98 

1-010 

2 

1-57 

0-16 

1-460 

92 

55-97 

8-17 

1-020 

4 

3-03 

0-31 

,1     !•**'<> 

94 

56-90 

8-37 

l-0.'5O 

6 

4-49 

0-46 

,     1-480 

96 

57-83 

8-56 

1-040 

8 

5-96 

0-62 

,,     1-490 

98 

58-74 

8-76 

1-050 

10 

7-37 

0-77 

1-500 

100 

59-70 

8-96 

1060 

12 

8-77 

0-85 

„    1-510 

102 

60-65 

9-16 

1-070 

14 

10-19 

1-09 

„     1-5-20 

104 

61-59 

9-36 

1-080 

16 

11-60 

1-25 

,;     1-530 

106 

62-53 

9-57 

1-090 

18 

12-99 

1-42 

'     1-540 

108 

63-43 

9-77 

1-100 

20 

14-35 

1-58 

,      1-550 

110 

f)4-26 

9-96 

1-110 

22 

15-71 

1-75 

'     1-560 

112 

65-08 

10-15 

1-120 

24 

17-01 

1-91 

'     1-570 

114 

65-90 

10-35 

1-130 

26 

18-31 

2-07 

1     1-580 

116 

66-71 

10-54 

1140 

28 

19-61 

2-23 

1-590 

118 

67-59 

10-75 

1-150 

30 

20-91 

2-39 

1-600 

120 

68-51 

10-96 

1-160 

32 

22-19 

2-57 

1-610 

122 

69-43 

11-18 

1-170 

34 

23-47 

2-75 

,     1-620 

124 

70-32 

11-39 

1-180 

36 

24-76 

2-92 

,1     1-630 

126 

71-16 

11-60 

1-190 

38 

26-04 

3-10 

1-640 

128 

71-99 

11-81 

1-200 

40 

27-32 

3-28 

i-650 

130 

72-82 

12-02 

1-210 

42 

28-58 

3-46 

1-660 

132 

73-64 

12-22 

1-220 

44 

29-84 

3-(J4 

,     1-670 

134 

74-51 

12-44 

1-230 

46 

31-11 

3-82 

,,     1-680 

136 

75-42 

12-67 

1-240 

48 

32-28 

4-00 

'     1-690 

138 

76-30 

12-89 

1-250 

50 

33-43 

4-18 

;     1-700 

140 

77-17 

13-12 

1-260 

52 

34-57 

4-35 

1-710 

142 

78-04 

13-34 

1-270 

54 

35-71 

4-54 

1-720 

144 

78-92 

13-57 

1-280 

56 

36-87 

4-72 

;     1-730 

146 

79-80 

13-81 

1-290 

58 

3S-03 

4-90 

;:     1-710 

148 

SO-68 

14-04 

1-3(K) 

60 

39-19 

5-09 

1-750 

150 

81-56 

14-27 

1-310 

62 

40-35 

5-28 

1-760 

1 52 

82-44 

14-51 

1-320 

64 

41-50 

5-48 

1-770 

154 

S3-32 

14-75 

1-330 

66 

42-66 

5-67 

,     1-780 

156 

84-00 

15-04 

1-340 

68 

43-74 

5-86 

.     1-790 

158 

85-70 

i5-;u 

1-350 

70 

44-82 

6-05 

'     1-800 

160 

86-90 

15-64 

1-360 

72 

45-88 

6-24 

1-805 

161 

87-60 

15-81 

1-370 

74 

46-94 

6-43 

1-810 

162 

88-30 

15-98 

1-380 

76 

48-00 

6-62 

,      1-815 
1      1-820 

163 

89-05 

16-21 

1-390 

78 

49-06 

6-82 

1()4 

90-05 

16-39 

1-400 

80 

50-11 

7-02 

l-«25 

165 

91-00 

16-61 

1-410 

82 

51-15 

7-21 

1-830 

166 

9210 

16-85 

1-420 

84 

5215 

7-40 

1  -835 

167 

93-48 

17-13 

1-430 

86 

53-11 

7-59 

1-840 

168 

95-60 

17-59 

1-440 

88 

54-07 

7-79 

'     1-8415 

h 

168-3 

97-70 

17-99 

B.D. 
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Tannic  Acid, — Tannin, — Gallo-tannic  Acid, 
CuHioOq  +  2  /faO.     MoL  weight,  858, 

Tannic  acid  is  readily  soluble  in  hot  water.  It  is  the  purest 
form  of  tannin,  and  is,  therefore,  used  in  mordanting  cotton 
which  has  to  be  dyed  in  brilliant  shades  with  the  basic  dyestuffs. 
Price,  82  per  cent.,  Is.  per  lb. 


Specific  Gravity  of  Solutions  of  Tannic  Acid  at  15°  C.  (59^  P.) 

(Trammer). 


Specific  Gravity. 

Tannic  Acid. 
Per  cent. 

Specific  Gravity. 

Tannic  Acid. 
Ter  cent. 

Specific 
Gravity. 

Tannic  Acid 
Per  cent. 

1-0040 

1-0 

1-0108 

2-7 

1-0176 

4-4 

1-0044 

1-1 

1-0112 

2-8 

1-0180 

4-5 

10048 

1-2 

1-0116 

2-9 

1-0184 

4-6 

1-0052 

1-3 

1-0120 

3-0 

1-0188 

4-7 

1-0060 

1-4 

10124 

3-1 

1-0192 

4-8 

1-0060 

1-5 

1-0128 

3-2 

1-0196 

4-9 

1-0064 

1-6 

1-0132 

3-3 

1-0200 

5  0 

1-0068 

1-7 

1-0136 

3-4 

1-0242 

6-0 

1-0072 

1-8 

1-0140 

3-5 

1-0324 

8-0 

1-0076 

1-9 

1-0144 

3-6 

10406 

10-0 

1-0080 

2-0 

1-0148 

3-7 

1-0489 

12-0 

1-0084 

2-1 

1-0152 

3-8 

1    1-0572 

140 

1-0088 

2-2 

1-0156 

3-9      i 

1-0656 

16-0 

10092 

2-8 

1-0160 

4-0 

1-0740 

18-0 

1-0096 

2-4 

1-0164 

4-1 

1-0824 

20-0 

1-0100 

2-5 

1-0168 

4-2 

1-0104 

2-6 

1-0172 

4-3 

Sumach. 

Sumach  contains  gallo-tannic  acid.  It  is  sold  as  leaves  or  as 
powder ;  the  former  quality  is  usually  the  purer. 

When  sumach  is  used  in  place  of  tannic  acid  in  mordanting, 
the  cotton  is  tinted  brownish  and  the  shades  obtained  on  this 
mordant  are,  therefore,  not  as  brilliant  as  those. produced  on  a 
purer  tannic  acid  mordant.  Four  to  5  parts  of  sumach  leaves  are 
about  equivalent  to  1  part  of  tannic  acid.  Price,  fine  ground 
9it,  to  10s.  per  cwt. 
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Sujfiach  Extract. 

Sumach  extract  is  sold  both  as  a  liquid  of  about  53°  Tw.  and 
also  in  the  solid  form.  Some  of  these  extracts  give  very  pure 
shades. 

About  2J  parts  of  sumach  extract  correspond  to  1  part  of 
tannic  acid.     Price,  12s.  to  18«.  per  cwt. 

Oak  Galls, — Nut  Galls, — Chinese  Galls  or  Japanese  Galls. 

Galls  contain  from  50  to  70  per  cent,  of  tannic  acid.  Next  to 
tannic  acid,  galls  are  the  best  tannin  mordant. 

About  IJ  parts  of  galls  are  used  in  place  of  1  part  of  pure 
tannic  acid. 

Myrabolans, 

Myrabolans  are  hard  nuts,  the  peel  of  which  contains  the 
tannin. 

About  3  parts  of  myrabolans  are  used  in  place  of  1  part  of 
tannic  acid.     Price,  7s.  6d.  to  10s.  per  cwt. 

Valonia, 

Valonia  (acorn  cups)  contains  about  28  per  cent,  of  tannic  acid. 

Divi'dwi, 

Divi-divi  is  similar  to  myrabolans,  and  contains  about  25  per 
cent,  of  tannic  acid.     Price,  8s.  to  12s.  per  cwt. 

Catechu,  v.  Natural  Dyestuff's, 

Tartaric  Acid, 

CJMOHhiCOOH)^.     Mol.  weight,  150. 

Tartaric  acid  is  used  for  impregnating  mercerised  cotton  dyed 
with  the  substantive  dyestuflfs  in  order  to  produce  the  "  scroop,** 
characteristic  of  silk.  It  is  generally  employed  in  conjunction 
with  sodium  acetate. 

The  dyed  yarn  is  first  treated  in  a  weak  solution  of  soap, 
then  hydroextracted,  and  finally  passed  through  a  solution 
containing  1  to  4  lbs.  of  tartaric  acid  and  5  to  10  lbs.  of  sodium 
acetate  per  100  gallons,  hydroextracted  and  dried.  5  to  10  lbs. 
of  acetic  acid  may  be  used  in  place  of  the  tartaric  acid.  Price, 
Is.  Id,  per  lb. 

Tartar  Einetic,  v.  Double  Tartrate  of  Antimony  and  Potassium, 

Tin  Crystals,  v.  Stannous  Chloride, 

Tin  Salt,  v,  Stanjious  Chloride* 

F  2 
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Tin  Spirits^  v.  Cotton  Spirits, 

Tita niuvi  Tanno-Oxalate, 

Titanium  tanno-oxalate  has  been  suggested  by  J.  Barnes  for 
the  mordanting  of  cotton.  The  cotton  is  steeped  in  the  solution 
(1°  to  2°  Tw.)  for  some  minutes,  wrung  and  treated  with  a  hot 
solution  of  common  salt.  The  titanium  tannate  acts  as  a 
mordant  for  the  basic  dyestuffs. 

Titanotis  Salts. 

Titanous  salts  act  as  powerful  stripping  agents.  The  azo 
dyes,  especially  when  dyed  on  cotton,  are  readily  destroyed  by 
solutions  of  these  salts.     Price,  Titanous  chloride,  i54  per  cwt. 

Tolidine. 

H^N.  CrjHe.  CiIU  NH2.     Mol.  weight,  212. 

Tolidine,  like  benzidine,  may  be  used  in  the  production  of 
insoluble  azo-colours  on  the  fibre. 

Tournante  Oil, — Huile  tournante  01'  Gallipoli  Oil. 

Tournante  oil  is  olive  oil  which  has  turned  rancid,  either 
naturally  or  by  artificial  means. 

It  is  used  in  the  process  of  oiling  in  Turkey-red  dyeing. 
Emulsions  of  this  oil  are  very  readily  absorbed  by  the  cotton 
fibre. 

Turkey-red  Oil, — Soluble  Oil, — Olcin  or  Alizarine  OiL 

Turkey-red  oil  is  chiefly  produced  by  the  action  of  sulphuric 
acid  on  castor  oil ;  other  oils,  such  as  cotton-seed  oil  and  olive 
oil  may,  however,  also  be  used  for  this  purpose.  It  should  react 
slightly  alkaline,  and  it  ought  to  be  perfectly  soluble  in  water  to 
which  a  few  drops  of  ammonia  have  been  added. 

Preparation  of  Tiirkey-red  OiL — 100  lbs.  of  castor  oil  are  run 
slowly  in  a  thin  stream  into  80  lbs.  of  sulphuric  acid,  168°  Tw., 
with  continuous  stirring.  The  temperature  of  the  mixture  must 
not  be  allowed  to  rise  above  35°  C.  Allow  the  mixture  to  stand 
for  about  24  hours,  wash  with  a  solution  of  common  salt  or 
Glauber's  salt,  allow  to  settle  and  remove  the  wash  water.  The 
oil  is  finally  neutralised  with  ammonia  or  with  soda  and  diluted 
with  water.  The  finished  product  usually  contains  about  50  per 
cent,  of  fatty  matter. 

The  following  is  another  method : — 

Very  slowly  run  8  lbs.  of  sulphuric  acid,  168°  Tw.,  into  48  lbs. 
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of  castor  oil,  whilst  continuously  stirring.  Cool  if  necessary. 
Allow  to  stand  for  about  36  hours,  during  which  time  the  mixture 
should  be  stirred  from  time  to  time.  Mix  thoroughly  with  a  large 
quantity  of  water  and  add  about  20  lbs.  of  common  salt  (solid). 
Stir  and  allow  to  stand  for  some  time.  The  Turkey-red  oil  will 
soon  rise  to  the  top.  Syphon  ofif  and  neutralise  the  oil  with 
ammonia  or  soda. 

Turkey-red  oil  is  largely  used  in  the  oiling  of  cotton  for  dyeing 
Turkey-red.  It  is  fixed  on  the  fibre  in  a  much  shorter  time 
than  olive  oil  (tournante  oil). 

It  is  also  employed  as  an  addition  to  the  dyebath  in  dyeing 
with  the  direct  cotton  dyestuffs,  as  a  mordant  for  some  of  the 
basic  dyestuflfs,  in  cop  dyeing,  in  the  so-called  "  foam  dyeing  " 
of  cheeses  and  cotton  hanks,  as  an  addition  to  the  tannin  bath  in 
mordanting,  and  in  the  wetting  out  of  cotton  previous  to  dyeing. 
Price,  45  per  cent.,  17s.  6rf.  per  cwt. 

Valojiia,  v.  Tannins, 

Wilson* 8  Bleaching  TAqnor,  i\  Aluminium  Hypochhnte. 

Zinc  Acetate, 

Zn  {CiHf,0i)2  +  3  H2O.    MoL  weight,  237-4. 

Henry  Schmid  recommends  zinc  acetate  for  fixing  tannins  in 
place  of  tartar  emetic. 

Zinc  Dust  or  Zinc  Potvder, 

Zinc  dust  is  finely-divided  zinc.  It  always  contains  a  small 
quantity  of  zinc  oxide.  It  is  a  strong  reducing  agent,  and  is 
chiefly  employed  in  indigo  dyeing  and  in  the  preparation  of 
hydrosulphite.     Price,  £29  10s.  per  ton. 
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The  cotton  fibre  in  the  raw  state  contains  impurities  such  as 
"  cotton  wax,"  colouring  matter,  pectic  matters,  etc.  Further 
impurities  (starch,  flour,  fatt}^  matter,  China  clay)  are  added 
during  the  different  processes  of  spinning,  sizing,  and  weaving. 
It  is  the  object  of  bleaching  to  destroy  all  these  impurities,  ?.r.,  to 
decolourise  the  colouring  matters  and  to  remove  the  other 
substances. 

The  operation  of  bleaching  may  be  divided  into  two  distinct 
parts  : — (1)  The  boiling  of  the  material,  the  object  of  which  is  to 
soften  and  to  saponify  certain  impurities,  which  are  then  partly 
removed  in  the  washing.  (2)  The  bleaching  proper,  /.f.,  the 
treatment  of  the  material  wuth  the  bleaching  agent,  during  which 
operation  the  colouring  matters  are  destroyed  by  oxidation. 

Preparation  of  the  Bleaching  Liquor. 

The  Preparation  of  a  Solution  of  Bleaching  Powder. 

The  bleaching  powder  solution  used  in  bleaching  should  be 
perfectly  clear  and  free  from  any  suspended  particles.  In  order 
to  dissolve  the  powder  and  to  break  up  the  lumps,  it  should  first 
be  made  into  a  thick  uniform  paste  l)y  mixing  it  thoroughly  with 
a  small  quantity  of  water.  This  may  be  done  in  a  small  tank 
provided  with  a  powerful  agitator,  or  the  bleaching  powder  may 
be  ground  together  with  a  small  quantity  of  water  between  a 
pair  of  mill-stones.  The  paste  thus  produced  should  then  be  run 
into  a  larger  tank  provided  with  agitators,  in  which  it  is  thoroughly 
stirred  with  a  larger  quantity  of  water.  150  to  200  gallons  of 
water  are  generally  used  to  dissolve  1  cwt.  of  bleaching  powder. 
After  the  liquor  has  been  stirred  for  some  hours,  it  is  allowed  to 
settle,  usually  overnight,  the  clear  liquor  being  syphoned  oflf  in 
the  morning.  The  mud  remaining  in  the  tanks  should  be 
washed  once  or   twice  with  water,  in   order   to  extract  all  the 
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bleaching  powder.     The  liquor  thus  obtained  may  be  used  for 
dissolving  a  fresh  quantity  of  the  powder. 

A  very  simple  Apparatus  for  DiHSolving  Bleaching  Poicder  is 
shown  in  Fig.  13.  It  consists  of  the  lead-lined  iron  trough  con- 
taining the  water,  in  which  revolves  the  perforated  drum  A.    The 


Fig.  13. — Apparatus  for  Dissolving  Bleaching  Powder. 

bleaching  powder  is  introduced  through  a  man-hole.  A  few 
stones  B  are  placed  in  the  drum  in  order  to  grind  the  powder 
and  to  accelerate  the  dissolving. 

A  very  effective  Stirring  Arrangement  for  Dissolving  Bleaching 
Powder  is  shown  in  Fig.  14  (taken  from  Aj^parate,  etc.,  der 
Wdncherei,  Bleiehcrei,  Fdrherei,  by   Julius   Zipser).      The   two 
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Fig.  14. — Stirring  Arrangement  for  Dissolving 
Bleaching  Powder, 


73  BLEACHING  AND  DYEING 

BtirrerH  A  and  B  revolve  in  opposite  directions,  thus  breaking  up 
the  lumps  of  l)leaching  powder  very  effectively, 

1'he  Prrparat'ton  of  Sodium  TlypocJilarile. 

Sod  n  ljiocllorit«  may  he  prepared  (a)  by  the  double 
decon  1  OS  t  on  of  s  Hum  carlwnate  and  bleaching  powder ;  {b)  hy 
eleetrolys  g  n,  "solution  of  common  salt ;  and  {<■)  by  passing 
chlor    e  g  s   nto  caustic  soda  lye. 

A\er>  CO  e  e  t  ai-rnngeinent  (shown  in  Fig.  15)  for  preparing 
sodium  hypochlonte  from  bleaching  powder  and  sodium  carljonale 


Pio.  15. — Tailfer'a  Apparatus  for  the  Preparation  of 
Sodium  Hypochlorite. 

is  described  by  L.  Tailfer,  in  Thi'  BUaching  of  Linen  and 
Cotton  Yam  and  Fahrks  {Scott,  Greenwood  &  Co.).  The  tanks 
are  made  of  brickwork  lined  with  cement.  100  kilos,  of  bleaching 
powder  are  mixed  by  means  of  a  stirrer  with  a  small  quantity  of 
water  in  tank  A,  and  55  kilos,  of  sodium  carbonate  are  dissolved 
in  one  of  the  tanks  C.  "When  the  blejichhig  powdfer  has  l>eeu 
mixed  with  the  water  for  about  two  hours,  it  is  run  into  tank  C 
through  a  metal  sieve.  The  tank  is  now  filled  to  the  desired 
height  with  wash-water  from  the  other  tank  C.  After  the  whole  has 
been  thoroughly  stirred,  the  liquor  is  allowed  to  settle  overnight. 
The  clear  liquor  is  now  syphoned  into  one  of  the  tanks  E  ;  the 
liine-niud  in  tank  C  is  washed  \sith  water  and  allowed  to  settle. 
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The  clear  liquor  is  pumped  by  means  of  pump  B  into  tank  A, 
and  used  for  dissolving  a  fresh  quantity  of  bleaching  powder. 
The  lime-mud  is  ultimately  discharged  into  tank  D. 

The  Preparation  of  Electrolytic  Bleaching  Liquor. 

One  of  the  first  to  use  electrolysis  in  the  preparation  of 
bleaching  liquor  was  Eugene  Hermite.  Among  other  eminent 
investigators  who  followed  him  may  be  mentioned  Dr.  Karl 
Kellner,  Stepanoflf,  Vogelsang,  Schoop,  Schuckert,  and  Dr.  Oettel. 
In  a  paper  read  by  E.  Reuss,^  much  useful  information  will  be 
found  as  regards  the  history  and  the  construction  of  the  different 
electrolysers.  When  a  solution  of  common  salt  is  electrolysed  the 
positive  pole  (anode)  gives  ofif  chlorine  and  hydroxyl,  whilst  the 
negative  pole  (cathode)  gives  ofif  sodium  and  hydrogen.  In  the 
types  of  electrolysers  generally  employed  in  bleach  works,  the 
products  of  the  electrolytic  decomposition  are  allowed  to  combine 
in  the  electrolyser ;  thus  the  hypochlorous  acid  combines  with 
the  caustic  soda  to  form  sodium  hypochlorite.  The  hydrogen 
evolved  during  electrolysing  l^efore  it  escapes  reduces  some  of 
the  hypochlorite  produced,  thus  causing  sometimes  quite  a 
considerable  loss.  The  temperature  best  suited  for  electrolysing 
is  from  20°  to  25°  C.  At  lower  temperatures  the  resistance  to 
the  current  is  appreciably  increased,  whilst  at  higher  tempera- 
tures the  loss  in  hypochlorite  becomes  very  marked,  chlorate 
being  formed.  Two  types  of  electrolysers  are  now  chiefly  used. 
In  the  first  type,  patented  by  Kellner,  the  electrodes  are  made  of 
a  platinum-iridium  alloy,  whilst  in  the  second  type,  invented  by 
Oettel,  carbon  electrodes  are  employed.  Electrolysers  based  on 
the  Kellner  patents  are  built  by  Siemens,  Bros.  &  Co.,  and  by 
Mather  and  Piatt. 

The  Siemens  Electrolyser  consists  of  flat  tanks,  divided  into 
sections  by  vertically-arranged  glass  plates.  In  this  manner 
a  series  of  cells  is  formed  through  which  the  salt  solution 
circulates  horizontally  in  a  zig-zag  path.  The  electrodes  are 
made  of  platinum-iridium  wire  net.  They  are  arranged  hori- 
zontally one  above  the  other  in  such  a  manner  that  the  anode 
lies  below  the  cathode.  The  electrolyser  has  two  current 
terminals,  but  no  internal  electrical  connections.     The  working 

1  Journ.  Soc.  Dyers  and  Cokmristn^  XXV 1 1.,  p.  110,  1911. 
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of  this  electrolyser  is  similar  to  that  shown  in  Fig.  16.  A 
bleaching  solution  containing  25  grms.  of  active  chlorine  per 
litre  is  produced  by  electrolysing  a  salt  solution  containing 
83  lbs.  of  salt  in  22  gallons  of  water,  at  23^  C,  for  10  hours. 

An  Electrolytic  Plant  of  Mather  and  Piatt  is  illustrated  in  Fig.  16. 
The  electrolyser  consists  of  40  cells.  The  tank  is  made  of 
vitrified  porcelain  fitted  with  rolled  glass  plates,  glass  packing 
plates,  glass  base,  39  intermediate  platinum  alloy  electrodes, 
terminal  platinum  electrodes,  and  terminals  for  connecting  the 
main  cables  at  each  end  of  the  apparatus.  The  electrolyser 
being  entirely  made  of  glass  and  earthenware  is  not  affected  by 
the  bleaching  liquor.  The  electrodes  are  made  of  a  special 
platinum  alloy  in  the  form  of  sleeves.  When  an  installation 
contains  more  than  one  electrolyser  the  electrolysers  are  worked 
in  parallel. 

One  electrolyser  produces  in  one  hour  approximately  J  kilo,  of 
chlorine  when  working  at  200  volts,  and  0*6  to  0*75  kilos,  of 
chlorine  when  working  at  220  volts. 

The  other  conditions  being  equal,  the  production  of  chlorine  is 
proportionate  to  the  time  of  electrolysing  and  to  the  number  of 
electrolysers  employed.  The  cost  of  producing  the  chlorine  is 
approximately  8  K.W.  hours  of  power  and  8|  kilos,  of  salt  per 
kilo,  of  chlorine  produced.  The  hypochlorite  solution  produced 
contains  from  0*6  to  0*7  per  cent,  of  available  chlorine.  The 
method  of  working  the  electrolyser  is  as  follows.  The  salt  is 
placed  below-  water  level,  on  a  perforated  w^ood  board  in  the 
dissolving  tank.  By  Hfting  the  plug  in  the  dissolving  tank,  the 
salt  solution  passes  through  a  canvas  bag,  by  means  of  which  it 
is  filtered,  to  the  electrolyser,  and  from  here  to  the  circulating 
tank.  By  means  of  a  small  low-lift  pump  the  circulation  of  the 
solution  through  the  electrolyser  is  continued.  When  the  bleach- 
liquor  has  acquired  the  necessary  strength,  the  valve  on  the  main 
between  pump  and  electrolyser  is  closed,  and  the  valve  between 
the  pump  and  the  storage  tank  is  opened.  The  electrolysed 
liquor  is  now  pumped  to  the  storage  tank  from  which  it  is  con- 
ducted to  the  bleachhouse.  If  more  convenient,  the  storage 
tank  may  be  placed  below  the  floor  level.  A  simple  system  of 
lead  cooling  pipes  is  usually  installed  in  the  circulating  tank  in 
order  to  allow  working  at  the  correct  temperature. 

A  complete  Electrolytic  Plant  of  the  Oettel  type  is  shown  in 
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Fig.  17,  whilst  the  side  view  and  a  section  of  the  apparatus, 
together  with  the  refrigerating  coils,  is  shown  in  Fig.  18.  The 
electrolyser  proper  consists  of  a  vat  made  of  stoneware,  which 
contains  the  carbon  electrodes,  having  glass  slips  on  the  upper 


Fig.  17. — Electrolytic  Plant  for  the  Preparation  of  Sodium  Hypochlorite. 


and  lower  edges.  The  vat  is  placed  into  a  stone  tank,  which  is 
filled  with  the  salt  solution  to  within  4  inches  from  the  top. 
The  sides  of  the  electrolyser  are  perforated  on  both  sides  near 
the  top  and  the  bottom  of  the  electrodes,  and  in  this  manner 
communication  between  each  chamber  formed  by  the  electrodes 
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and  the  outside  is  established.  The  liquor  in  the  chambers  of 
the  electrolyser  being  Hfted  by  the  hydrogen  evolved  during 
electrolysiB  Hnws  out  through  the  boles  near  the  top.  It  passes 
over  side  pistes,  where  it  is  thoroughly  mixed  and  cooled,  into  the 
outer  tank.  Before  entering  the  holes  near  the  bottom  of  the 
electrodes  it  is  further  cooled  by  means  of  the  refrigerator  coils 
placed  in  the  outer  vat.  In  this  manner  a  continuous  circulation 
of  the  liquor  is  obtained  without  the  use  of  a  pump.  Oettels 
"Industrial"  type  of  electrolyser,  known  as  TE/3,  holds  167 
gallons  of  brine.  A  15  per  cent,  salt  solution  is  used.  The 
apparatus  works  with  about  110  volts  continuous  current,  and  75 
to  80  amperes.  A  solution  of  sodium  hypochlorite,  containing 
14  grms.  of   available    chlorine    per    litre,  requires   10    hours 


I'lo.  18. — Side  view 

Electrolyeer. 

electrolysing.  This  represents  in  power  88  units  of  electricity, 
or  a  total  of  118  H.P.,  for  a  total  of  lO'S  kilos.  (23  lbs.)  of  active 
chlorine. 

In  order  to  avoid  decomposition  of  the  electrolytic  bleaching 
liquor  it  is  advisable  to  use  the  liquor  as  soon  as  possible  after  it 
has  been  prepared.  The  presence  of  salt  in  the  bleaching  liquor 
accelerates  the  bleaching  action  and  the  entire  absence  of  lime 
salts  is  also  in  favour  of  this  method  of  bleaching.  Leas  souring 
is,  therefore,  required.  There  can  be  no  question  as  to  the 
superiority  of  electrolytic  bleaching  liquor  compared  with 
bleaching  powder  solution  when  bleaching  very  high  class 
materials,  cops  and  cheeses  in  special  apparatus,  and  artificial 
silk. 

As  regards  the  bleaching  of  ordinary  cotton  goods,  it  is  chiefly 
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a  question  of  cost  of  current  and  salt,  and  of  the  initial  cost  and 
the  depreciation  of  the  apparatus. 

Liquid  Chlorine  is  now  largely  manufactured  on  the  Continent 
and  used  in  the  preparation  of  bleaching  liquor  by  conducting 
the  chlorine  gas  into  milk  of  lime  or  by  passing  it  into  caustic 
soda  lye.  If  the  latter  process  is  used,  the  bleaching  liquor  should 
not  be  allowed  to  become  neutral  but  should  always  remain  slightly 
alkaline,  or  decomposition  will  set  in  very  rapidly. 

Bleaching  of  Loose  Cotton. 

The  greatest  care  has  to  be  taken  when  bleaching  loose  cotton 
in  order  to  avoid  felting  or  matting  and  weakening  of  the  fibres. 
The  cotton  is  not  boiled,  but  simply  steeped  in  a  warm  solution  of 
either  caustic  soda  (2°  to  2J°  Tw.)  or  soda  ash.  It  is  then  rinsed 
and  bleached  in  a  weak  solution  of  bleaching  powder,  about 
1°  to  1^°  Tw.  After  the  cotton  has  been  thoroughly  washed,  it  is 
soured  with  sulphuric  acid  (1°  to  1^^  Tw.),  and  finally  washed 
free  from  acid. 

The  bleaching  of  loose  cotton  may  be  carried  out  in  troughs, 
or  a  machine  of  the  **  Obermaier  *'  or  the  "  Jagenburg  '*  type,  in 
which  latter  the  cotton  is  slowly  moved  in  the  liquor,  may  be 
employed. 

Except  for  the  manufacture  of  cotton  wool  which  is  used  for 
medical  purposes,  loose  or  raw  cotton  is  but  seldom  bleached. 

Bleaching  of  Cotton  Sliver. 

Cotton  sliver  is  best  bleached  in  special  machines.  The "  packing 
system  "  is  best  suited  for  this  purpose.  The  machines  should 
be  made  either  of  phosphor-bronze  or  lined  with  lead. 

The  material  is  boiled  with  soda  ash  or  with  caustic  soda, 
with  or  without  the  addition  of  Turkey-red  oil,  rinsed  and 
bleached  and  soured  in  the  usual  manner. 

The  best  results  are  obtained  when  sodium  hypochlorite  is 
used  in  place  of  bleaching  powder. 

Bleaching  of  Cops  and  Cheeses. 

The  bleaching  of  cops  and  cheeses  presents,  comparatively 
speaking,  less  diliiculties  than  the  dyeing  of  these  materials.     A 


BLEACHING  79 

simple  method  consists  in  packing  the  material  into  wicker  baskets 
or  bags  made  of  hemp  which  are  placed  into  an  ordinary  bleach- 
ing kier  in  which  they  are  boiled.  They  are  then  treated  with  the 
bleaching  liquor,  soured  and  washed. 

Apparatus,  such  as  the  **  Obermaier,"  are  also  used  for  the 
bleaching  of  cops.  The  material  is  tightly  packed  into  the  boxes 
and  the  different  solutions  are  pressed  through.  In  the  employ- 
ment of  either  of  these  methods  it  is  preferable  to  use  sodium 
hypochlorite  (either  prepared  by  electrolysis  or  as  given  on 
page  72)  in  place  of  bleaching  powder.  The  cops  are  much 
more  readily  and  more  evenly  penetrated,  and  on  account  of  the 
absence  of  lime  salts,  less  souring  is  required. 

The  apparatus  used  for  bleaching  are  now  frequently  con- 
sfcructed  of  either  nickel  or  "  nickelin  **  (a  nickel  alloy). 

If  a  "  full  bleach  "  is  not  required,  the  following  method  of 
**  bleaching  cold,"  recommended  by  Meister,  Lucius  and  Bruniug, 
may  be  used  in  special  instances.  Cops,  cheeses,  or  yarn  in  the 
form  of  hanks  are  packed  into  an  iron  box  specially  constructed  for 
the  purpose.  The  spaces  between  the  material  are  filled  out  with 
loose  cotton.  Bleaching  powder  solution  at  1^^  Tw.  is  circulated 
through  the  material  for  4  hours  under  a  pressure  of  22  to  30  lbs. 
Washing  and  souring  with  hydrochloric  acid,  1^  Tw.,  and  final 
washing,  concludes  the  bleaching  operation. 

F.  Erban  and  L.  Pick  propose  the  use  of  a  mixture  of  sodium 
hypochlorite  and  either  Turkey-red  oil  or,  better  still,  Monopole 
soap,  for  the  bleaching  of  cops  and  cheeses. 

Bleaching  of  Cotton  Yarn  and  Warps. 

Before  bleaching,  the  hanks  have  to  be  laced ;  they  are  then 
made  into  chains  of  about  120  lbs.,  either  by  tying  them  together 
end  to  end  or  by  linking  them  together.  Warps  may  be  chained 
by  means  of  a  machine  having  a  motion  similar  to  that  of  a 
crochet  needle.  In  either  case  the  chains  are  run  over  winches, 
like  strands  of  cloth. 

Less  frequently  hanks  are  bleached  in  10-lb.  bundles,  in  which 
case  they  are  moved  by  hand. 

The  boiling  may  be  conducted  in  either  high  or  low-pressure 
kiers.  Time  required,  from  5  to  10  hours.  During  boiling,  the 
yarn  should  be  covered  in  order  to  prevent  it  from  coming  into 
contact  with  the  air.     When  the  boiling  has  been  completed,  the 
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yarn  is  usually  washed  in  the  kier  once  or  twice,  first  with  hot  and 
then  with  cold  water.  The  yarn  is  now  placed  into  cisterns,  pre- 
ferably made  of  stone  (slate),  provided  with  false  bottoms,  in  which 
it  is  treated  with  the  bleaching  solution,  washed  and  soured. 

The  strength  of  the  liquors  used  in  boiling,  chemicking,  etc., 
varies  very  considerably,  according  as  to  whether  a  **  half  bleach  " 
or  a  **  full  bleach  "  is  required. 

In  the  following,  average  quantities  are  given : — 

For  100  lbs.  of  Yarn. 

Boiling. — 5  to  10  hours,  3  to  5  lbs.  of  soda  ash,  or  2^  to  8^  lbs. 
of  caustic  soda.  It  is  the  practice  in  some  works  to  use  both  soda 
ash  (2  to  3  lbs.)  and  caustic  soda  (1^  to  2^  lbs.). 

Washing. — Wash  in  the  kier,  first  with  hot  water,  then  with 
cold  water,  and  finally  wash  in  the  machine. 

A  slight  souring  and  washing  before  bleaching  will  in  many 
instances  be  of  advantage,  especially  in  the  case  of  hard  twisted 
or  Egyptian  yarns. 

Bleaching. — Chemick  in  the  cistern  with  bleaching  powder 
solution,  1^°  to  2J°  Tw.,  2  to  3  hours.  The  yarn  may  also  be 
bleached  for  a  short  time  on  sticks.  In  this  case  the  liquor  is 
usually  warmed  up  gradually  so  as  to  reach  100°  to  120°  P.  at  the 
end  of  an  hour. 

Washing. — Wash  in  the  cistern  for  about  1  hour. 

Souring. — Sour  for  1  to  2  hours  in  the  cistern  with  either  sul- 
phuric or  hydrochloric  acid  at  1°  to  2°  Tw. 

Washing. — Wash  the  yarn  in  the  cistern  and  then  in  the 
machine.  The  yarn  should  be  finally  passed  through  a  weak 
solution  of  soda  or  of  soda  and  soap.  The  blueing  may  be  done 
in  this  bath. 

In  order  to  obtain  very  good  whites  it  may  be  necessary  to 
repeat  the  chemicking  and  souring. 

Egyptian  yarn  is  nearly  always  bleached  twice.  In  the  first 
boil,  caustic  soda  lye  up  to  2°  Tw.  may  be  used,  whilst  soda  ash 
of  about  the  same  strength  is  employed  in  the  second  boil.  If 
the  yarn  is  used  for  dyeing,  soda  ash  only  should  be  used  for 
boiling.  Yarn  which  is  boiled  with  caustic  soda  is  ajjt  to  give 
uneven  shades  in  dyeing. 

O'Neil   states   that   if   the   bleaching    operation   is  properly 
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coiidiicted  both  warp   and   weft  yarns  should  show    a   greater 
tensile  strength  after  bleaching. 

Washing  of  Cotton  Yarn. 

The  final  operation  consists  in  washing  the  yarn  tliorougbly. 

This  may  either  be  done  hy  hand  or  in  special  Yarn  fVaahing 

Machines.     Among  the  oldest  type  of  these  are  the  IVask  Stocks, 

in  which  the  yarn  is  hammered  by  means  ol  heavy  wooden 


Fig.  19.— Haubold's  Yarn  Washing  Machine  [plan). 

hammers.  The  machine,  in  which  wooden  fallers  are  used  and 
which  is  described  on  p.  118  (Fig.  34),  may  be  used  for  the  same 
purpose.  Both  arrangements  are  usually  employed  for 
the  simultaneous  washing  and  blueing  of  bleached  yarns. 
The  well  or  the  trough  of  the  machine  is  then  charged  with  soap 
solution  and  the  necessary  blue  dyestnff,  sucli  as  ultramarine, 
indigo  carmine,  Methyl  violet,  etc.    ■ 

Yarn  washing  machines,  in  which  the  hanlis  are  placed  on 
revolving  copper  or  porcelain  spools,  with  or  without  squeezing 
rollers,  are  also  used. 
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In  order  to  closely  imitnte  washing  l>y  hand,  Weisbaeh  con- 
structed a  machine  in  wliich  the  hanks  are  placed  on  revolving 
brass  or  copper  spools,  which  are  carrie:!  on  Iwitli  sides  of  a  tniiiie. 
A  swinging  motion  is  imparted  to  this  frame  and,  therefore,  to 
the  hanks. 

In  another  type  of  machine  the  yarn  is  placed  on  eccentric 
spools,  by  meana  of  which  it  is  alternately  lifted  out  of  the  wash- 
water  and  plunged  into  it. 

A  Sprcial  Yam  JVashing  Macli'me,  working  on  the  counter- 
current  principle,  built  by  C.  G.  Haitbold,  jiin.,  ia  illustrated  in 
Figs.  19  and  li>A.     It  consists  of  a  circular  iron  tank  c,  over  which 


Fig.  19a. — Kaubuld's  Yaru  "Washing  Machine  (vertical  section). 

are  placed  either  12,  18,  or  24  square  copper  or  porcelain  spools  h, 
on  which  the  yarn  is  placed,  and  winch  are  supported  by  radial 
arms.  The  spools  revolve,  and  at  the  same  time  they  are  moved 
intermittently  forward  and  backward,  the  forward  movement 
l)eing  greater  than  the  backward  one.  The  water  is  introduced 
into  the  trough  through  the  hole  d  in  the  bottom  of  the  trough, 
and  flows  out  of  the  machine  opposite  to  where  it  enters  and 
over  the  wooden  partition  e,  the  height  of  which  can  be  adjusted. 
Thus  the  water  circulates  in  the  direction  opposite  to  that  in 
which  the  yarn  travels.  The  circular  trough  is  somewhat 
widened  out  near  to  the  inlet  and  the  outlet  of  the  water,  and  the 
fresh  hank  is  placed  on  to  the  spool  at  A,  whilyt  the  washed 
hank  is  at  the  same  time  removed  from  the  spool  at  B.  The 
foundation^' may  be  huilt  out  as  a  channel  for  the  waste  water. 
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The  trough  is  pliiced  a  certain  distance  above  the  ground,  in  order 
to  allow  the  driving  shaft  ,7  to  pass  underneath. 

Alwut  2,000  Iba.  o£  yiirn  may  l)e  washed  in  one  machine  per 
day.     Power  re(iuire<l:  1  h.p. 

Wnnyhig,  Sqneezmf,  and  Hyilrofxtractinfj  of  Yarn. 

"Whether  the  yarn  has  now  to  be  dried  or  whether  it  has  to  be 

mordanted  or  dyed,  it  is  essential  to  remove  a  large  portion  of 

the   raeehanically-absorbed   water.     This   may    be   effected    by 

wTinijinfi.     For  this  puriwse  the  hank  is  suspended  on  a  peg. 


Fio.  20.— Yarn  Stretchiug  and  Shaking  Machine. 

one  end  of  which  is  either  fastened  into  the  wall  or  into  a 
post.  A  short  stick  is  used  for  twisting  the  hank.  After 
untwisting,  the  hank  is  turned  one-third  or  a  quarter  round, 
and  again  twisted.  This  operation  is  i>erformed  three  or  four 
times. 

After  wringing,  the  hanks  are  well  shaken  and  placed  on 
sticks  ready  (or  the  dyeing  or  the  drying  operation.  The 
shaking  may  be  performed  by  means  of  a  Yam  Stretching  and 
Shaking  Machine,  illustrated  in  Fig.  20  (C.  G.  Haubold).  It 
consists  of  the  revolving  sjmxjIs  a  and  the  spools  b,  by  means  of 

u2 
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which  the  yarn  is  shaken.     The  Ititter  have  two  henrings,  which 

may  l>e  alternately  moved  out  of  position  in  order  to  allow  a  hanlt 

either  to  lie  placed  on  to  the  spools  or  to  l)e  removed.     The 

arrangement  carrying  the  sihwIs  h  is  iixed  to  a  tahle  r,  which 

turns  on  the  axle  (/.     The  amount  of  force  applied  in  shaking  the 

hanks  ia  adjusted  by  the  position  of  the  weight  e,  which  more  or 

less  counter-balances  the  weight  of  the  table  c.     liollers  /  are 

fixed  to  the  underside  of  the  table,  and  by  means  of  these  and 

hy  the  wipers  g,  the  table  is  lifted.     The  table  then  falls  down  and 

thus   the   yarn   is  stretched 

and   shaken.      Provision   is 

also    made  for  raising   the 

tahle  when  the  hanks  have  to 

be  removed   and   the  spools 

charged  with  fresh  yarn. 

The  wringing  of  yarn  may 

also  be  effecte<l  by  machines. 

A  machine  suitable  for  this 

purpose  is   described   under 

"Turkey-red,"  p.  314, 

^•°-  Vd~SS:'""°  Except  in  dyeing  ,vith  Ihe 

sulphur  dyestiiffs,  squeezing 

of   the   yarn   by  means  of   squeezing  rollers  is  but  little  used 

in  treating  cotton  yarn. 

The  usual  method  of  removing  water  from  yarn  and  from 
fabrics  consists  in  treating  the  material  in  a  Cenlriftuial  Machine 
or  Hydroextractor.  Fig.  21  illustrates  an  Kkctrkally-ihiren 
Hi/diwxirattor  of  Messrs.  Thomas  Broadbent  &  Sons,  Ltd. 
Although  steam-driven  hydroextractora  are  extensively  used, 
electric  driving  offers  many  advantages.  The  electric  motor  is 
an  inherent  part  of  the  machine,  because  the  armature  revolves 
upon  the  centre  spindle  which  carries  the  basket,  and  the  field 
magnets  are  built  into  the  framework  of  the  machine.  It 
occupies  a  small  amount  of  floor  apace,  the  starting-np  of  the 
machine  is  automatic,  and  the  starting  gear  is  simple  and  con- 
structed in  such  a  manner  that  the  attendant  cannot  damage 
the  motor  hy  switching  on  the  current  too  suddenly.  The  cage 
of  the  hydroextractor  is  usually  built  of  hard-rolled  cop[;er 
plates,  perforated  at  the  sides  in  order  to  allow  the  escape  of 
the   water  during   hydroextracting.      The  outer   casing   which 
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surrounds  the  cage  is  made  of  strong  welded  steel  boiler-plate, 
and  is  usually  lined  with  chemically  pure  lead  so  as  to  resist 
acids. 

The  material  should  be  very  evenly  packed  into  the  cage  in 
order  to  avoid  undue  oscillation  of  the  machine.  When  the  cage 
revolves  at  a  high  speed,  the  wet  material  is  pressed  against  the 
sides  of  the  cage  by  centrifugal  force,  and  thus  the  water  is 
forced  out  of  the  material. 

In  a  machine  with  a  cage  86  inches  in  diameter,  50  to  120  lbs.  of 
yarn  (dry  weight),  or  40  to  70  lbs.  of  piecegoods  (dry  weight) 
may  be  treated  at  a  time,  and  4  to  6  charges  may  be  hydro- 
extracted  per  hour.  The  cage  makes  1,100  revolutions  per 
minute  and  the  running  power  required  is  3  h.p.  Current 
consumed:  24  amperes  at  110  volts,  or  12  amperes  at  220  volts. 
The  starting  current  will  be  about  2J  times  the  above. 

The  Bleaching  of  Cotton  Piecegoods. 

Whilst  the  bleaching  of  cotton  yarn  may  practically  be  regarded 
as  a  simple  operation,  the  bleaching  of  cotton  piecegoods  is 
much  more  complicated,  because  a  number  of  substances  such  as 
starches,  soaps,  tallow,  waxes,  etc.,  may  have  been  used  in  the 
preparation  of  the  yarn  for  weaving.  It  is  of  the  utmost 
importance  to  remove  these  substances,  as  far  as  possible,  before 
the  goods  undergo  the  bleaching  operation  proper. 

The  addition  of  magnesium  chloride  to  the  size  for  the  purpose 
of  making  the  yarns  soft,  or  of  zinc  chloride  in  order  to  prevent 
the  formation  of  mildew,  may  frequently  give  trouble  in  the 
bleaching.  Cloths  containing  these  substances  often  become 
tendered  during  singeing. 

It  is  the  practice  in  some  weaving  sheds  to  remove  mineral  oil 
and  iron  stains  (the  so-called  **  black  oil  stains  ")  by  rubbing  salts 
of  lemon  (acid  potassium  oxalate)  or  oxalic  acid  on  the  cloth. 
These  places  invariably  become  tendered  in  the  singeing. 

The  practice  of  spraying  a  solution  of  magnesium  chloride  on 
the  cotton  which  is  used  for  the  weft,  should  also  be  condemned. 
It  should  be  pointed  out  that  the  weaver  frequently  employs  sizing 
preparations  the  composition  of  which  is  unknown  to  him,  and 
which  in  some. cases  contain  substances  such  as  those  mentioned 
above.     Paraffin  wax  is  another  ingredient  used  in  sizing  which 
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it  is  exceedingly  difficult  to  remove  and  which  may  cause  stains 
in  dyeing. 

In  order  to  facilitate  the  removal  of  starches  from  the  cloth  by 
means  of  the  boiling,  the  pieces,  after  having  been  run  through 
a  washing  machine,  are  frequently  allowed  to  lie  in  heaps  for  a 
considerable  time,  or  they  are  steeped  for  2  to  8  days  in  tanks 
containing  water  at  a  temperature  of  about  80°  F.  A  small 
quantity  of  sulphuric  acid  may  be  added  to  the  water  in  the 
steeping  cisterns. 

E.  Lauber  recommends  steeping  of  the  cloth  in  caustic  soda 
lye,  especially  for  heavy  goods.  The  cloth  is  passed  into 
boiling  water  containing  }  per  cent,  of  solid  caustic  soda  (calculated 
on  the  weight  of  the  cloth)  and  allowed  to  lie,  closely  packed,  for 
24  hours.  Steeping  in  soda  also  materially  helps  to  soften  the 
particles  of  the  shells  of  the  cotton-seed  which  the  cloth 
contains. 

Another  method  of  removing  the  starches  by  converting  them 
into  sugar,  consists  in  treating  the  pieces  either  with  malt  or 
with  a  solution  containing  1  to  2  lbs.  of  Diastafor  per  100  gallons 
of  water.  Goods  treated  in  this  manner,  after  having  been 
thoroughly  rinsed,  are  either  ready  for  dyeing  or  they  may  be 
passed  into  the  kier. 

In  order  to  remove  substances  which  might  cause  tendering  in 
the  singeing,  a  thorough  washing  followed  by  drying  of  the  cloth, 
before  singeing,  is  necessary. 

Before  the  actual  bleaching  the  pieces  are  first  stamped,  i.e., 
letters  and  numbers  are  stamped  on  the  ends  with  gas  tar  or 
sometimes  with  Aniline  black. 

They  are  stitched  together  by  means  of  a  special  type  of  sewing 
machine,  and  are  then  ready  for  the  singeing  and  boiling. 

Sinfieing, 

In  order  to  produce  certain  finishes  it  is  necessary  to  remove 
the  "  nap  "  from  the  face  of  the  cloth.  This  is  effected  by  either 
passing  the  cloth  rapidly  over  the  surface  of  strongly-heated 
copi)er  plates  or  rollers,  jy^ate  siiujeUuj,  or  by  giving  it  a 
passage  through  a  non-luminous  gas  flame  (Bunsen  flame),  gas 
sbujeing.  Singeing  by  means  of  electrically  heated  wires  has 
also  been  suggested,  but  this  process  has,  so  far,  not  found  any 
industrial  application. 
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In  plate  singeing,  the  nap  is  chiefly  removed  from  the  surface 
of  the  cloth,  whilst  in  gas  singeing  the  flame  penetrating  more 
or  less  into  and  through  the  cloth,  the  loose  fibres  are  also 
removed  in  the  interim'  of  ttie  fabric.  Thus  by  the  latter  method, 
the  cloth  is  much  more  thoroughly  singed  than  hy  the  former. 
Such  a  thorough'' singeing  may  in  some  cases  not  be  required 
and  both  types  of  singeing  machines  are,  therefore,  frequently 
found  working  side  by  side. 


Fio.  22,— Hate  Singeing  Macliiue. 
Flii.  22a. —Automatic  Travoraiiig  Motion. 

Fig.  22  shows  a  I'lati'  Siugeiiiff  Mai-hinc  of  Messrs.  Mather  & 
Flatt.  It  is  provided  with  either  one  or  two  curved  copper  plates, 
from  I  inch  lo  2  inches  thick,  which  are  heated  to  bright  redness  hy 
furnaces  below.  Coal  or  coke  is  chiefly  used  as  fuel,  but  quicker 
and  more  uniform  heating  of  the  plates  is  obtained  by  using  crude 
petroleum,  finely  divided  by  means  of  an  injector,  in  which  it 
meets  a  current  of  superheated  steam.  The  cloth  passes  over  the 
plates  at  a  speed  of  about  160  yards  per  minute,  and  in  order  to 
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prevent  local  cooling  of  the  plates  the  machine  Ib  provided  with  an 
Automatic  Trarersinti  Motion  (Fig.  22a),  which  constantly  brings 
the  travelling  cloth  into  contact  with  a  freshly-heated  portion  of 
the  plates.  Thus,  practically,  the  whole  of  the  heating  surface 
of  the  plates  is  utilised.  After  singeing,  the  cloth  is  immediately 
passed  through  a  water-box,  or  through  a  steaming-box  in  order 
to  put  out  the  sparks.  With  an  oil-fired  stove  a  speed  of  from 
160  to  200  yards  per  minute  can  be  obtained,  and  about  3  to  4 
b.h.p.  is  required  to  drive  the  machine. 

A  Gag  Siitffi'in^  Machine  (System  "  Felix  Binder  ")  of  Messrs. 
Mather  &  Piatt  is  illustrated  in  Fig.  2S. 

The  machine  is  usually  provided  with  two  burners  in  order  to 


Fro.  23. — Oas  Singeing  Machine  and  sketch  of  Burner. 

allow  of  the  cloth  being  singed  on  both  sides  in  one  passage.  Above 
each  burner  is  an  exhaust  chamber  with  a  cavity  through  which 
water  is  circulated  in  order  to  keep  the  chamber  cool.  These 
exhaust  chambers  are  connected  to  an  exhaust  fan,  by  means  of 
which  the  flame  is  strongly  drawn  against  and  through  the  cloth. 
A  very  thorough  singeing  is  thus  obtained.  Both  the  burners 
and  the  exhaust  chambers  are  provided  with  adjustable  slides. 
The  width  of  the  flame  can  thus  be  adjusted  in  accordance  with 
the  width  of  the  cloth  passing  through  the  machine.  The  cloth 
first  passes  over  a  number  of  wooden  bars,  to  remove  creases,  and 
then  over  the  upper  burner.  The  other  side  of  the  cloth  is  then 
singed  by  means  of  the  lower  burner  and  finally,  the  cloth,  before 
being  plaited  down,  passes  through  a  water-box,  as  shown  in  the 
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illustration,  or  through  a  steaming-box,  in  order  to  extinguish  any 
•s^j-BcIs 

The  air  is  usually  supplied  by  a  rotary  blower  or  by  a  pump, 
and  it  is  thoroughly  mixed  with  the  gas  in  a  special  mixing 
chamber.  The  machine  is  usually  built  about  80  inches  wide,  to 
singe  two  pieces  of  cloth  side  by  side,  at  a  speed  of  from  150  to 
to  200  yards  per  minute.  Power  required,  4  b.h.p.  Consumption 
of  gas,  per  burner,  78  inches  wide,  about  160  cubic  feet  per  hour. 

The  Boiling  Kiers, 

After  singeing  the  cloth  may  be  boiled  in  the  kier,  either  in 
rope  form  or  in  the  open  width. 


Fig.  24. — Oi)en  Top  Circulating  Kier. 

The  boiling  kiers  should  be  frequently  lime-washed,  in  order 
to  prevent  the  formation  of  iron  stains  in  places  where  the 
cloth  comes  into  contact  with  the  walls  of  the  kier. 

The  cloth  must  be  completely  immersed  in  the  boiling  liquor, 
or  tendering  will  take  place,  and  stains  may  be  produced. 
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The  kier  should  be  filled  with  hot  water  immediately  after  the 
boiling  lye  has  been  discharged,  in  order  to  prevent  any  parts  of 
the  cloth  from  becoming  dried. 

The  simplest  type  of  boiling  kier  used  consists  of  a  vessel 
provided  with  a  false  perforated  bottom  and  with  a  vertical 
puffer  pipe  in  the  centre.  A  steam  pipe  enters  below  the  false 
bottom  into  the  puffer  pipe.  The  boilaig  liquor  is  forced  by  the 
steam  up  the  puffer  pipe,  and  by  means  of  a  spreader  distributed 
over  the  material.  It  then  percolates  through  the  cloth,  to  be 
once  more  forced  up  through  the  central  pipe. 

A  more  modern  type  of  Open  Top  Kier  is  illustrated  in 
Fig.  24. 

In  this  kier  the  cloth  is  boiled  without  pressure,  and  it  is, 
therefore,  used  for  boiling  fabrics  with  coloured  headings,  which 
would  be  attacked  by  boiling  in  the  high-pressure  types  of  kiers. 
The  illustration  shows  an  Ojyen  Top  Circulating  Kier  of  Messrs. 
Mather  &  Piatt,  which  is  provided  with  a  multi-tubular  heater, 
placed  on  the  delivery  side.  The  circulation  of  the  boiling  lye 
is  performed  by  means  of  a  centrifugal  pump,  the  suction  side 
of  which  is  connected  to  the  bottom  of  the  kier.  From  the  pump 
the  liquor  is  forced  through  the  multi-tubular  heater,  heated  by 
high  pressure  steam  (60  lbs.),  whence  it  passes  to  the  top  of  the 
kier,  where  it  is  delivered  on  to  a  spreader,  which  distributes  the 
liquor  on  the  upper  surface  of  the  cloth.  The  cloth  is  piled 
in  the  usual  way  on  the  cast-iron  grid  near  the  bottom  of  the 
kier. 

The  Vertical  Kier,  shown  in  Fig.  25  (Messrs.  Mather  &  Piatt), 
is  provided  with  a  false  perforated  bottom,  and  with  a  puffer 
pipe  in  the  centre.  In  this  type  of  kier  the  cloth  is  treated 
under  pressure,  and  the  liquor  is  circulated  by  means  of  an 
injector.  A  kier  holding  about  2  tons  of  cloth  is  6  ft.  6  ins.  in 
diameter  by  9  ft.  deep  on  the  parallel  part.  It  is  provided  with 
two  manholes  through  which  the  saturated  cloth  enters.  Boys, 
inside  the  kier,  guide  the  cloth  with  sticks  and  distribute  it 
evenly.  When  the  kier  has  been  filled,  the  manhole  covers  are 
secured,  the  liquor  is  run  in,  and  it  is  forced  by  means  of  the 
injector  up  the  central  puffer  i)ipe  and  distributed  over  the  cloth 
by  the  aid  of  the  spreader.  It  then  percolates  through  the  cloth 
to  the  bottom  of  the  kier,  to  be  again  delivered  by  the  injector. 

Injector  Kiers,  in  which  the  puffer  pipe  is  placed  outside  the 
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kier,  are  also  used.     In  these  a  spray  nozzle  is  provided  at  the  top 
of  the  kier  through  which  the  liquor  is  delivered  on  to  the  cloth. 


,^Dead   IVeipht 
Safety  Vatve. 


Sectional  Elevation 


Workinq  Stage 
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Fig.  25. — Vertical  Kier  (with  Injector). 


Hifjh  PrcHsure  Kiers  have  been  constructed  in  which  the 
boiling  liquor  is  pressed  into  and  out  of  the  kier  by  means  of 
steam.     To  this  type  belongs  the  Pemllehimj  Kier. 

It  consists  of  a  large  kier  in  which  the  cloth  is  boiled,  and  a 
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smaller  one  into  which  the  boiling  lye  can  be  pressed  after 
boiling.  When  the  kier  has  been  filled  with  cloth,  steam  is 
blown  in  for  about  15  minutes,  in  order  to  expel  the  air.  The 
boiling  lye  is  now  run  into  the  kier,  and  the  boiling  is  conducted 
with  live  steam.  After  boiling  for  some  time  the  lye  is  pressed 
back  into  the  small  kier  and  the  cloth  may  be  steamed.     The 
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.    than  65  lbs.  per  stf:  inch 
j    when  her  is  working. 

Steam  to  Receiver. 
Vacuum  Breaker. 


Side  Eleva  tioh  oFKier  d  Circulator. 
Fig.  26.— Jefferson-Walker  Patent  Kier. 


processes  of  boiling  and  steaming  are  carried  on  alternately 
for  4  to  ()  hours. 

The  Barlow  Kiev  differs  from  the  Pendlebury  arrangement  in 
that  two  large  boiling  kiersare  provided  ;  thus  the  boiling  liquor 
may  be  i)ressed  from  one  kier  into  the  other. 

The  Pcndh'hnry-Baiiow  Kier  is  a  combination  of  the  two 
former  kiers.    It  consihts  of  two  largo  boiling  kiers  and  a  smaller 
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one  into  which  the  lye  can  he  pressed,  and  in  which  it  may  he 
heated. 

A  more  modern  type  of  l<ier  is  represented  in  Fig.  26.  It  is 
the  Jrjf'erson-Walher  Patent  K'ur  of  Messrs.  Samuel  Walker  & 
Sons,  Ltd.  A  small  receiver  is  placed  alongside  the  kier  into 
which  the  lye  passes  from  the  kier,  and  from  which  it  is  forced 
by  means  of  high-pressure  steam  back  into  the  kier,  where  it 
enters  at  the  top  and  is  distributed  over  the  cloth  by  means  of  a 
spray  nozzle.  The  filling  and  the  emptying  of  the  receiver, 
which  takes  place  about  once  every  minute,  is  regulated  auto- 
matically. It  is  claimed  that  by  means  of  the  alternate 
compression  of  the  cloth  produced  by  the  suction,  when  the 
lye  passes  into  the  receiver,  and  its  expansion  when  the  lye 
returns  into  the  kier,  a  better  boiling  effect  can  be  produced  in 
a  shorter  time  than  is  the  case  in  kiers  in  which  a  regular 
circulation  is  produced  by  means  of  pumps  or  injectors. 

Exhaustive  experiments  have  been  carried  out  in  a  large 
bleach  works,  in  order  to  ascertain  the  steam  consumption,  etc., 
of  this  kier,  as  compared  with  a  Heater  Kier,  from  which  the 
following  figures  have  been  extracted  : — 

In  the  first  experiment  the  cloth  (9,072  lbs.)  was  lime-hoiled  in  a 
Jefferson  Kier  of  9  feet  3  inches  diameter  by  10  feet  6  inches  high 
at  the  parallel  part.  Average  steam  pressure,  69  lbs.  per  square 
inch  ;  time  of  boiling,  6  hours.  On  the  average  the  receiver 
was  emptied  once  in  1  min.  25  sees. ;  6,385  lbs.  of  steam  were 
consumed,  equal  to  0*7  lbs.  of  steam  per  1  lb.  of  cloth. 

&Wa  ^8/<  iioii.- -9,072  lbs.  of  cloth  were  boiled  in  the  same 
kier  for  six  hours,  at  an  average  steam  pressue  of  58  lbs.,  with  a 
steam  consumption  of  5,244  lbs.,  equal  to  0*57  lbs.  per  lb.  of  cloth. 

The  following  figures  were  obtained  by  boiling  in  a  Heater 
Kier : — 

Lime  2?^//.— 9,326  lbs.  of  cloth  were  boiled  11^  hours  at  an 
average  pressure  of  70"47  lbs.  The  steam  consumption  was  as 
foUow^s : — 

Passing  through  meter  for  lli|  hours  ...  6,592  lbs. 
Extra  steam  for  boiling  14  inches  water...  275  lbs. 
Steam  used  for  running  the  pump         ...     2,840  lbs. 


9,707  lbs. 
This  is  equal  to  a  steam  consumption  of  1'04  lbs.  per  lb.  of 
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cloth.  In  the  Soda  Ash  Boil,  in  the  same  kier  the  steam  consump- 
tion also  amounted  to  1*04  lbs.  per  lb.  of  cloth.  From  these 
figures  it  will  be  seen  that  the  stiving  in  steam  in  the  new  kier 
was  equal  to  39  per  cent. 

A  type  of  vertical  kier  W'hich  is  very  largely  used  is  the  Hirjh 

^  Letter  Safety  Ktlve 
Manhole  2  6 Dial' 


Fig.  27. — High  Pressure  Circulating  Kier. 


Pressure  Circulating  Kier,  which  is  similar  to  the  Thies-IIerzig 
Kier,  also  known  as  the  Walsh  Kier,  Fig.  27  (Messrs.  Mather  & 
Piatt).  It  consists  of  a  cylindrical  boiler,  made  either  of  wrought 
iron  or  of  mild  steel,  usually  about  6  feet  6  inches  diameter  and 
9  feet  deep  at  the  parallel  part.  A  kier  of  this  size  holds  about  2 
tons  of  cloth.    A  large  manhole  with  a  hinged  cover  is  provided 
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on  the  top  of  the  kier.  The  cloth  is  run  into  the  kier  through 
this  opening  and  plaited  down  in  the  usual  manner  on  to  the 
cast-iron  grid  at  the  bottom  of  the  kier.  After  the  top  lias  been 
secured,  the  liquor  is  run  in  and  circulated  by  means  of  the 
centrifugal  pump,  which  takes  it  from  below  the  grid  and  passes 
it  through  the  pipes  contained  in  the  vertical  multi-tubular  heater, 
surrounded  by  high  pressure  steam.  From  here  the  liquor  is 
returned  to  the  top  of  the  kier,  where  it  is  showered  over  the 
cloth.  In  this  type  of  kier,  which  is  particularly  suited  for  the 
caustic  soda  hoil,  the  live  steam  does  not  come  into  contact 
with  the  boiling  liquor.  The  boiling  is  conducted  during  4  to  10 
hours  at  pressures  varying  from  26  to  60  lbs.  per  square  inch. 

The  cloth  is  usually  run  into  the  kiers  at  a  speed  of  about  200 
yards  per  minute  in  two  parallel  strands.  The  filling  and  the 
emptying  of  a  kier  will,  therefore,  occupy  about  2  hours. 

Dmihle-jacketed  Kiers  have  been  introduced  by  Haubold  and 
by  Gebauer.  The  inner  jacket  in  these  kiers  is  perforated,  with 
a  view  to  surrounding  the  cloth  with  liquor  and  making  the 
liquor  circulate  radially  through  the  cloth.  Difficulties  have  been 
experienced  with  these  kiers  in  some  cases  through  the 
perforations  in  the  inner  jacket  becoming  gradually  filled  up. 

A  kier  which  has  found  very  wide  application  is  the  Mather 
Kier,  by  means  of  which  the  investigations  of  the  late  Horace 
Koechlin  were  introduced  into  practice.  It  is  illustrated  in  Figs.  28, 
28a.  The  kier  is  of  the  horizontal  type,  and  is  built  in  sizes  to  hold 
from  25  cwts.  to  70  cwts.  of  cloth.  It  is  7  feet  in  diameter,  and 
from  6  feet  to  16  feet  long  at  the  parallel  part.  The  door  is  of  a 
wedge-shape,  and  is  raised  and  lowered  mechanically  by  means 
of  a  small  rope-driven  crab  carried  from  the  pillar.  The  joints 
are  made  tight  by  means  of  a  cam  and  lever,  no  screwing  or 
unscrewing  of  the  bolts  being  required  when  opening  or  closing 
the  kier.  The  cloth  is  contained  in  waggons  made  of  galvanised 
iron,  which  are  run  on  rails  on  the  floor.  Each  kier  is  provided 
with  four  of  these  waggons,  two  of  which  are  filled  outside  the 
kier  with  cloth  which  has  been  previously  saturated  with  caustic 
soda  lye,  whilst  the  other  two  are  in  the  kier.  No  time  is,  there- 
fore, lost  in  filling  and  emptying,  and  the  kier  can  be  kept  working 
continuously.  The  w^aggons  are  watertight  and  provided  with 
perforated  false  bottoms,  with  a  liquor  chamber  below.  When 
the  waggons  are  in  their  proper  position  in  the  kier  the  flange  of 
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the  telescope  pipe  projecting  from  the  liquor  chamber  of  the 
wag<i[()ii  makes  a  joint  with  a  lon^^itudinal  pipe,  which  runs 
under  the  waggons,  in  the  centre  of  the  kier.  The  centre  of 
this  pipe  is  connected  to  the  suction  of  the  centrifugal  pump, 
from  which  the  liquor  is  delivered  to  the  top  of  the  kier  and 
distributed  over  the  cloth  in  each  waggon.  The  boiling  liquor 
can  be  heated  both  by  perforated  and  by  closed  coil  heating  pipes. 
When  working,  the  kier  is  filled  about  one  quarter  of  its  depth 
with  lye,  and  provision  is  made  for  reversing  the  direction  of  the 
liquor,  so  that  it  passes  up  through  the  cloth  contained  in  the 
waggons,  and  thence  into  the  kier,  w^hence  it  is  taken  back  to 
the  pump.  Outside  the  kier  is  an  arrangement  of  turn-tables 
and  lines,  and  by  the  aid  of  a  capstan  the  waggons  can  be 
drawn  into  or  out  of  the  kier  and  placed  in  a  suitable  position 
for  passing  the  cloth  tlirough  any  of  the  succeeding  operations. 
The  cloth  is  usually  boiled  for  from  6  to  8  hours  at  about  40  lbs. 
pressure  per  square  inch,  and  about  800  gallons  of  boiling  lye 
are  required  to  treat  4,000  lbs.  of  cloth. 

Of  the  kiers  in  which  the  cloth  is  treated  in  the  open 
n'idth,  the  Grether-Bentz-Edmeston  Kier  should  be  mentioned 
as  one  of  the  earliest.  It  consists  of  a  wrought-iron  chamber, 
into  and  out  of  which  the  cloth  is  passed  through  liquor  seals. 
Inside  the  kier  the  cloth  is  conducted  over  rollers,  by  means  of 
which  it  is  alternately  passed  through  the  boiling  lye  and 
exposed  to  an  atmosphere  of  steam.  Before  leaving  the  kier 
the  cloth  travels  to  and  fro  over  rollers,  during  which  time  it 
is  exposed  to  the  action  of  the  steam. 

The  TiujUani'Ili(jamonti  Kier  is  built  upon  a  somewhat  similar 
principle.  The  cloth,  instead  of  being  passed  over  rollers,  is 
plaited  down  into  a  channel  formed  by  two  endless  travelling 
chains. 

Another  type  is  illustrated  in  Fig.  29.  It  is  the  Spenle  Patent 
Continnoas  Open  Width  Kier  of  Messrs.  Sir  James  Farmer  & 
Sons,  Ltd, 

The  cloth  is  acted  upon  by  the  boiling  alkaline  liquor  and 
by  steam  for  a  considerable  time  under  slight  pressure,  obtained 
by  means  of  a  liquor  seal,  which  is  divided  by  a  suitable  partition 
c  into  two  channels  d  and  e.  The  partition  extends  into  the 
liquor  tank/,  placed  at  the  top  of  the  column.  The  cloth  a 
enters  through  partition  li  of  the  tank,  where  it  is  subjected  to 
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the  action   of  spent  liquor.     This  is   continuously  discharged 
through   an   overflow   pipe.      The  cloth   then   passes  through 
channel  d  to  the  steaming  chamber  b.     Suitable  guide-plates  17, 
are  employed  in  order  to  assist  in  the  threading  of  the  cloth 
over  the  rollers  of  the  machine.     After  treatment  in  the  kier 
the  cloth  passes  up  through  a  channel  e  and  through  the  second 
part  (J,  of  the  tank,  where,  by  means  of  rollers  or  baffle  plates, 
it  is  caused  to  take  a  circuitous  course  against  a  current  of 
inflowing  water   delivered   from   pipe  /,   which  is  placed  just 
below  the  nip  of  the  squeezing  rollers,;  and  at  the  delivery  end 
of  the  apparatus.     A  considerable  portion  of  the  alkali  is  thus 
removed.     The  liquor-seal  is  extended  to  form  a  sump  below 
the  bottom  of  the  chamber  b,  thus  givinj^  a  fair  head  of  liquor 
without  making  the  apparatus  unduly  high.     The  tank  /  also 
allows  of  variations  of  pressure  in  the  steaming  chamber  without 
any  considerable  rise  and  fall  in  the  top  level  of  the  seal  column. 
The  kier  in  which  the  steaming  takes  place  consists  of  a  rect- 
angul     casing  A,  in  which  is  arranged  an  accumulator  consisting 
of  an  endless  lattice  web,  supported  at  each  side  on  the  flanges 
of  the  drum  v.     The  drum  71  and  the  material  which  is  plaited 
into  the  accumulator  space  are  borne  by  pulleys  ;tS  ?t^.     A  pair 
of   oscillating    spurt   pipes  j),   having  downward -directed  jets, 
effect  a  kind  of  plaiting  action.     The  drum  n  slowly  revolves 
as  the  material  accumulates.     It  is  driven  by  sprocket  wheels  t, 
which  gear  with  the  chains  0,     A  regulator  (to  ensure  the  uni- 
formity   in    thickness    and   density    of   the  layer   of  material 
in  the  accumulator)  consists  of  a  roller  1,  which  rests  on  the 
accumulated  material,  and  is  mounted  on  levers  2,  connected 
with  arm  8,  adapted  to  act  on  the  driving  mechanism,  so  as  to 
increase  or  decrease  the  speed  of  the  lattice  and  drum  according 
to  the  thickness  of  the  material.     The  spurt  pipes  jh  iA'  are 
supplied   with  liquor  from  a  pump  q,   which   draws  from  the 
seal  adjacent  to  a  pipe  r,  from  which  fresh  liquor  enters  the 
apparatus  «.      The   liquor    from    the    spurt    pipes    percolates 
through  and  scours  the  material  in  the  accumulator  and  then 
collects    in    a    shallow    receiver    b^    at    the    bottom    of    the 
chamber  6.     Sediment  washed  out  of  the  fabric  collects  in  the 
receiver  and  can  be  periodically  blown  out  through  a  cock  b^. 
Steam  is   admitted  to   the  chamber  b  by  means  of  pipes  15. 
The  cloth   runs   at  a  speed  of  about   60   }ards  per  minute, 
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and  it  remains  in  the  kier  for  one  hour.  Power  required 
6h.p. 

Special  bleaching  machinery  for  treating  fabrics  in  the  open 
width  has  been  introduced  by  Messrs.  Jackson  &  Brother.  It 
consists  of  a  PrejMnnfi  and  Batching  Arrangement,  the  Open- 
Bleach  Kier,  and  a  Chenncking  and  Souring  Machine. 

The  Preparing  and  Batching  An'angement  is  shown  in  Fig,  30. 
Before  placing  the  cloth  into  the  boiling  kier,  it  is  essential 
that  it  shoald  be  impregnated  with  caustic  soda  lye  and  made 


Fio.  30. — Preparing  and  Batching  Arrangement. 

into  good  hard  batches.  The  machine  consists  of  a  cistern, 
filled  with  caustic  soda  lye  which  has  been  used  for  a  previous 
boiling,  from  the  sides  of  which  is  carried  a  large  perforated 
drum.  The  cloth  passes  round  the  drum  and  a  perforated 
steam  pipe  is  fixed  close  to  the  drum  at  the  bottom,  which 
serves  for  the  purpose  of  heating  the  liquor.  The  steam  also 
forces  the  liquor  through  the  cloth.  The  cloth,  after  having 
passed  round  the  drum,  is  made  into  a  large  batch. 

The  Open  Bleach  Kier,  shown  in  Fig.  31  (side  elevation), 
and  Fig.  31a  (front  elevation),  is  of  the  horizontal  type,  and  is 
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made  of  steel  plates  to  stand  a  working  pressure  of  60  lbs.  per 
square  inch.  The  door  is  swung  on  a  jib  crane  mounted  on 
the  top  of  the  kier,  and  can  thus  be  readily  attached  or  detached 
as  required.  The  batch  of  cloth  from  the  batching  machine 
is  now  placed  in  position  on  the  waggon,  which,  when  placed 
into  the  kier,  automatically  couples  with  the  driving  and 
reversing  gear  at  the  back  of  the  kier.  A  drum  is  carried  by 
oscillating  levers  or  arms,  which  are  free  to  move  from  side  to 
side,  and  thus  enable  the  drum  to  adjust  itself  to  the  increasing 
and  decreasing  sizes  of  the  batches  as  the  cloth  is  wound  on 
and  off.  In  this  manner  the  cloth  is  always  kept  at  a  uniform 
tension  and  free  from  creases.  The  drum  also  exerts  con- 
siderable pressure  upon  the  cloth,  and  it,  therefore,  squeezes 
the  liquor  into  and  through  the  fabric. 

When  the  kier  is  ready  for  work  the  caustic  soda  lye  is  run 
in  by  means  of  a  centrifugal  pump,  and  steam  pressure  is  applied 
until  a  pressure  of  about  40  lbs.  per  square  inch  has  been 
reached.  The  cloth  is  now  wound  off  the  one  batch  roller  on 
to  the  other,  and  vice  versa,  for  about  two  hours,  after  which 
time  the  boiling  should  be  completed.  The  reversing  gear 
works  automatically.  A  batch  contains  from  1,900  to  2,200 
yards  of  cloth. 

The  Chemickiiig  and  Souring  Machine  consists  of  an  arrange- 
ment similar  to  that  employed  in  the  kier.  The  batches  are 
placed  into  a  cistern  in  which  they  may  be  treated  with  bleaching 
powder  solution,  soured  and  washed.  The  winding  operation 
is  the  same  as  in  the  kier,  and  a  heavy  drum  is  also  provided, 
which  rests  on  the  batches. 

Of  the  great  number  of  other  kiers  which  have  been  sug- 
gested an  arrangement  patented  by  Sir  William  Mather  may  be 
mentioned,  in  which  the  cloth  is  wound  into  a  large  batch  which 
is  placed  into  a  horizontal  kier.  The  boiling  lye  is  pressed 
through  the  cloth  in  the  direction  of  the  weft  by  means  of  a 
powerful  centrifugal  pump. 

Gebauer-Theis  suggested  the  following  method  of  boiling: 
The  cloth  is  padded  with  the  caustic  soda  lye  and  batched  upon 
corrugated  rollers.  The  batches  are  then  placed  upon  a  waggon 
and  steamed  in  a  kier  of  the  horizontal  type. 

An  interesting  new  type  of  Open  Width  Kiev  has  been  recently 
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patented  by  A.  Huillard  (Mather  &  Piatt).  The  kier  is  square  Id 
shape  and  is  divided  into  three  compartments  by  means  of  two 
perforated  plates.  The  cloth,  in  the  open  width,  is  plaited  into 
the  middle  compartment,  which  is  wider  than  the  two  outer  ones. 
It  is  forced  down  by  means  of  a  light  cover  which  prevents  it 
from  rising  during  the  boiling  operation.  The  liquor,  which  is  cir- 
culated by  means  of  a  pump,  enters  one  of  the  outer  compart- 
ments at  the  top ;  it  then  passes  through  the  cloth  into  the  third 
compartment,  from  which  it  returns  to  the  pump  through  a  pipe 
placed  near  the  bottom  of  this  compartment.  The  circulation  of 
the  boiling  liquor  can  be  readily  reversed. 

The  chief  methods  employed  in  bleaching  cotton  piecegoods 
will  be  illustrated  by  the  following  examples  taken  from  actual 
practice. 

Bleaching  for  Qeneral  Purposes. 

This  method  especially  applies  to  the  following  goods  : — 
Sateens,  fine  twills,  brocades,  lawns  and  fancy  woven  goods. 
The  quantities  given  are  for  :  800  pieces,  total  weight  about  2 
tons,  i.e.,  150  pieces  of  brocades,  width  36  inches,  length  84  yards 
per  piece ;  100  pieces  sateen,  width  40  inches,  length  90  yards  per 
piece ;  and  60  pieces  lawns,  width  32  inches,  length  124  yards 
per  piece. 

After  stitching,  the  goods  are  usually  singed  on  both  sides  on 
a  gas  singeing  machine  and  wetted  out.  It  is  advisable  to  allow 
the  goods  to  lie  overnight. 

First  Boil. — The  pieces  are  now  run  through  a  washing 
machine  into  the  kier.  Both  higli  or  low  pressure  kiers  may 
be  used.  Boiling  is  continued  for  8  to  10  hours  with  about  1,200 
gallons  of  caustic  soda  lye,  specific  gravity,  2°  Tw.  After  boiling, 
the  goods  are  passed  through  the  washing  machine. 

It  should  be  pointed  out  here  that  caustic  soda  should  not 
always  be  used,  as  it  renders  some  classes  of  goods  too  soft  when 
bleached.  Boiling  in  an  open  kier  with  lime,  followed  by  an 
ash  and  rosin  boil  after  the  first  chemicking  and  souring,  gives 
better  results. 

First  Sour. — It  is  the  usual  practice  to  sour  the  goods  in  a 
souring  tank  (see  Fig.  32,  p.  102),  in  which  hydrochloric  acid  at 
2°  Tw.,  is  circulated  and  sprayed  over  the  pieces  for  about  2 
hours.     About   1,800  gallons  of   souring  liquor  are   required. 
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Another  method  of  souring  consists  in  passing  the  goods  through 
an  ordinary  washing  machine,  into  which  the  hydrochloric  acid 
is  allowed  to  run  gradually  whilst  the  cloth  is  passing  through. 

The  souring  is  followed  by  twice  washing,  after  which  the 
pieces  are  passed  back  into  the  kier  for  the  second  boil. 

Second  Boil. — The  cloth  is  boiled  for  6  hours  with  caustic  soda 
lye  of  1°  to  1  J°  Tw. 

Second  Sour, — The  pieces  are  run  from  the  kier  through  the 
washing  machine,  and  are  now  soured  either  in  the  cistern  or  in 
a  washing  machine,  as  described  under  "  first  sour,"  with  hydro- 
chloric acid  of  1|°  Tw.  This  is  followed  by  two  passages  through 
the  washing  machine. 

Chemicking. — From  the  washing  machine  the  pieces  pass  into 
the  chemic  cistern,  in  which  they  are  treated  for  2  hours  with 
a  solution  of  bleaching  powder,  specific  gravity  2°  Tw.  About 
1,800  gallons  of  liquor  are  required  for  this  purpose. 

Mather  &  Piatt's  arrangement  of  Chemic  and  Sour  Cisterns  for 
bleaching  cotton  piecegoods  in  the  rope  form  is  shown  in  Fig.  32 
(front  sectional  elevation),  Fig.  32a  (end  sectional  elevation)  and 
Fig.  32b  (plan).  Two  strands  of  cloth  are  run  into  each  cistern  at 
a  time.  The  cisterns  are  made  of  wood  (sometimes  lined  with 
lead),  or,  preferably,  of  stone.  The  pits  containing  the  bleaching 
powder  solution  and  the  acid  respectively  are  placed  immediately 
below  the  cisterns.  The  liquors  are  lifted  by  means  of  centrifugal 
pumps  made  of  brass,  and  are  delivered  into  distributing  tanks, 
(the  bottoms  and  the  sides  of  which  are  perforated),  placed  above 
the  cisterns,  from  which  they  are  showered  on  to  the  cloth. 
The  cisterns  are  provided  with  wood  false  bottoms  on  to  which 
the  cloth  is  plaited. 

A  cistern  of  the  dimensions  given  in  the  illustration  will  hold 
about  2  tons  of  cloth.  If  3  tons  of  cloth  have  to  be  treated 
at  a  time,  cisterns  of  the  following  dimensions  will  be  required : 
Length  10  feet,  width  8  feet,  height  6  feet  6  inches. 

As  in  the  case  of  souring,  the  chemicking  may  be  conducted 
in  a  washing  machine.  About  800  gallons  of  bleaching  powder 
solution,  IJ"^  Tw.,  are  prepared  and  gradually  run  into  the 
machine  whilst  the  pieces  are  passing  through.  After  the 
souring  it  is  advisable  to  allow  the  pieces  to  lie  for  IJ  to  2  hours. 
The  cloth  is  now  well  washed  and  pnssed  into  the 

Third  Sonr, — As  in  the  first  and  second  sour,  the  pieces  are 
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either  treated  in  the  cistern  or  in  a  washing  machine  with  hydro- 
chloric acid,  1°  Tw.,  for  ahout  2  hours.  The  pieces  are  now 
thoroughly  washed  until  free  from  acid,  run  through  the 
squeezer,  mangled  and  dried.  Goods  which  have  to  he  dyed  are, 
from  the  mangle,  generally  hatched  up  on  rollers,  but  not  dried 
until  after  dyeing. 

Goods   required  for  white  jQnishes  may  be  blued,  either  in 
the  squeezer  or  in  the  watei'  mangle. 

Madder  Bleach. 

This  method  of  bleaching,  although  chiefly  employed  in  print 
works,  is  of  sufficient  interest  to  be  given  here.  In  the  madder 
bleach  every  kind  of  impurity  is  removed ;  it  is  the  most  thorough 
kind  of  bleaching.  The  quantities  given  are  for  4,480  lbs.  of 
cloth,  i.e.,  800  pieces,  86  inches  wide,  length  76  yards  per  piece ; 
and  50  pieces,  width  86  inches,  length  116  yards  each.  The  pieces 
are  singed,  wetted  out  and  usually  run  directly  into  the  kier. 
Allowing  the  goods  to  lie  in  the  wet  state  overnight  is  not  often 
practiced. 

First  Boil.  (Lime-boil,  Liiiie-boick,  Bucking ^  Bowking). — 88  lbs. 
of  quicklime  (equal  to  2  per  cent,  calculated  on  the  weight  of 
cotton)  are  carefully  slaked  and  mixed  in  a  large  tank  with  about 
800  gallons  of  water.  The  wetted  out  pieces  are  run  through 
the  milk  of  lime  either  in  an  ordinary  liming  machine  or  in  a 
washing  machine.  The  liming  machine  consists  of  a  trough  in 
which  are  placed  three  guide-rollers,  and  which  is  provided  with 
a  pair  of  squeezing  rollers.  During  the  passage  of  the  pieces 
through  the  liming  machine  the  milk  of  lime  is  run  into  the 
machine  in  a  continuous  stream.  The  flow  should  be  regulated  in 
such  a  manner  that  all  the  milk  of  lime  has  been  run  into  the 
machine  when  the  entire  length  of  cloth  has  passed  through  it. 

The  excess  of  lime  having  been  squeezed  out  by  the  squeezing 
rollers,  the  goods  are  now  passed  directly  into  the  kier.     About 
600  to  700  gallons  of  boiling  water  are  run  into  the  kier,  and  the- 
boiling  is  conducted  for  about  8  hours  at  a  pressure  of  about 
40  lbs.  per  square  inch. 

First  Sour,  (Lime-sour  or  Grey-soar). — The  pieces  are  usually 
soured  in  a  washing  machine  into  which  the  acid  solution  is  run 
continuously.  About  1,200  gallons  of  hydrochloric  acid,  2°  to  3^ 
Tw.,  are  required  to  sour  2  tons  of  cloth.    After  souring  the  goods 
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are  allowed  to  lie  for  about  2  hours.  The  souring  is  now 
followed  by  a  passage  through  two  washing  machines,  after 
which  the  cloth  is  run  back  into  the  kier. 

Second  Boil, — Preparation  of  the  boiling  liquor :  — 224  lbs.  of 
soda  ash,  and  6  gallons  of  rosin  soap  (containing  about  30  per 
cent,  of  rosin)  are  boiled  up  with  700  gallons  of  water.  The 
cloth  is  run  into  the  kier  charged  with  the  liquor.  It  is  boiled 
for  about  7  hours  at  a  pressure  of  25  lbs.  The  boiling  is  followed 
by  a  passage  through  two  washing  machines. 

Second  Sour.  —The  souring  is  carried  out  as  in  the  first  sour, 
using  about  600  gallons  of  hydrochloric  acid  of  specific  gravity 
1^°  Tw.  After  souring,  the  cloth  is  allowed  to  lie  for  2  hours. 
It  is  now  washed  twice  and  run  into  the  kier  for  the 

Third  Boil.  {Soda  Ash  Boil). — The  boiling  is  conducted  for  6 
hours  at  15  lbs.  pressure  with  700  gallons  of  water  and  120  lbs. 
soda  ash.     The  goods  are  washed  twice  after  the  boiling. 

Third  Sour. — They  are  now  soured  with  600  gallons  of  hydro- 
chloric acid,  1°  Tw.,  and  afterwards  washed  twice. 

Chemicking. — Two  methods  of  chemicking  are  in  general  use, 

(1)  About  400  gallons  of  bleaching  powder  solution,  ^°  Tw., 
are  prepared  and  usually  stored  in  an  earthenware  tank. 
The  pieces  are  passed  through  a  machine,  similar  to  an  ordinary 
washing  machine,  into  which  the  bleaching  powder  solution  is 
run  continuously.  After  impregnation  with  this  solution  the 
goods  are  allowed  to  lie  for  2  hours. 

Fourth  Sour.  {White-sour). — The  pieces  are  not  washed  but 
passed  directly  througli  hydrochloric  acid,  1°  Tw.,  allowed  to  lie 
for  about  1  hour,  washed  three  times  or  until  free  from  acid, 
squeezed,  scutched,  and  dried. 

(2)  This  method  differs  from  (1)  in  that  a  bleaching  powder 
solution  of  1°  to  1^°  Tw.,  is  used,  and  further,  in  that  the  pieces 
are  washed  after  the  impregnation  with  this  solution  and  before 
the  fourth  sour.     The  souring,  etc.,  is  conducted  as  in  method  (1). 

Tu  rkey  -  red  Bleach . 

The  Turkey-red  bleach  is  similar  to  the  market  bleach.  It  is 
chieriy  used  for  yarn  or  cloth  which  has  to  be  dyed  plain  Turkey- 
red  or  Alizarine  red. 

Tlie  cloth  is  usually  not  singed  and  not  treated  with  bleaching 
powder  solution  (cliemicked). 
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The  process  consists  of : — 

Washing,  boiling  in  water,  boiling  in  caustic  soda  lye  (twice), 
without  the  addition  of  rosin  soap,  souring  and  washing. 

Scouring  of  Cotton  Cloths  for  BlackSy  etc. 

When  dyeing  blacks y  khakies,  browns,  etc.,  bleaching  is  not 
always  necessary.  It  is  suflScient  in  these  cases  to  scour  the 
cloth. 

The  following  is  a  typical  method  of  scouring  plain  calicos, 
drills,  twills,  etc,  : 

The  quantities  are  given  for  200  pieces,  width  36  inches,  length 
of  each  piece  about  104  yards,  total  weight  1 J  tons.  After  stitch- 
ing, the  cloth  is  singed,  usually  on  a  plate  singeing  machine.  It 
is  then  run  through  a  washing  machine  and  in  nearly  all  cases  it 
is  allowed  to  lie  overnight.  The  boiling  may  be  conducted  in 
either  high-,  or  low-pressure  kiers.  The  boiling  liquor  (specific 
gravity,  2°  Tw\)  is  prepared  by  dissolving  the  necessary  amount  of 
caustic  soda  in  an  iron  tank  of  about  1,000  gallons  capacity.  First 
the  cloth  and  then  the  caustic  soda  liquor,  which  has  been  heated 
to  boiling  point,  is  run  into  the  kier.  After  boiling  for  6  to  8 
hours,  the  liquor  is  discharged  and  the  pieces  are  passed  once 
through  a  washing  machine.  They  are  then  soured  in  a  wash- 
ing machine  with  hydrochloric  acid  of  2°  Tw.,  or  with  sulphuric 
acid  of  1^°  Tw.  The  acid  solution  (about  600  gallons),  is  prepared 
in  a  tank  made  of  stone  or  lead  lined,  and  is  allowed  to  flow 
continuously  into  the  washing  machine  during  the  passage  of  the 
pieces.  The  goods  are  now  allowed  to  lie  for  about  1  hour  ;  they 
are  finally  thoroughly  rinsed,  water-mangled,  and  either  made 
into  batches  or  dried. 

See  also  "  Crabbing.'' 

Moleskins  and  Fustians  are  usually  freed  from  starch  before 
dyeing.  For  this  purpose  they  are  first  wetted  out  by  giving 
them  4  to  6  ends  in  a  jigger  containing  boiling  water.  The 
pieces  are  now  given  6  to  8  ends  in  cold  water,  to  which  the 
necessary  amount  of  malt  or  Diaataphor  has  previously  been 
added.  This  is  followed  by  a  "  soda  boil,"  after  which  the  pieces 
are  ready  for  dyeing. 

Pile  fabrics,  such  as  Velrets,  Velcetecns,  Cords,  and  Corduroys 
are  usually  steeped  in  large  cisterns  in  a  cold  solution  of  malt  or 
Diastaphor  for  48  hours.     It  is  the  practice  in  some  works  to 


106  BLEACHING  AND  DYEING 

heat  the  liquor,  after  steeping,  slowly  to  the  boil,  and  to  boil  the 
goods  in  the  cistern  for  6  to  8  hours.  During  this  time  the 
liquor  is  continuously  circulated  by  means  of  a  pump  or  a  steam 
injector.  The  goods  are  then  allowed  to  lie  in  the  cistern  over- 
night. Washing  in  hot  water  and  hydroextracting  in  the  open 
width  in  special  hydroextractors  completes  the  operation. 

Velveteens  are  usually  singed  on  a  plate  singeing  machine, 
cords  on  a  gas  singeing  machine.  They  are  dyed  in  the 
ordinary  jigger. 

Half  Bleach. 

The  so  called  half  bleach  may  be  considered  as  a  continuation  of 
the  scouring ;  it  is  .employed  for  dyed  shades  which  do  not  require 
a  full  bleach. 

The  pieces,  which  have  been  scoured  as  described  above,  are 
chemicked  with  a  solution  of  bleaching  powder  at  J°  Tw.,  either 
in  tanks  or  in  a  continuous  machine.  The  operation  occupies 
from  1  to  2  hours.  This  is  followed  by  souring  for  1\  hours 
with  hydrochloric,  or  sulphuric  acid,  specific  gravity  J°  to  l°Tw., 
either  in  tanks  or  in  a  machine  similar  to  an  ordinary  washing 
machine.  The  pieces  are  finally  thoroughly  rinsed,  water- 
mangled  and  batched  on  rollers,  or  dried. 

Market  Bleach  {far  White  Finish  Skirtings,  etc.). 

This  method  of  bleaching  differs  from  the  other  methods  in 
that  the  boiling  is  invariably  conducted  in  low-pressure  kiers ; 
the  time  of  boiling  is  consequently  prolonged.  Sulphuric  acid  is 
used  in  souring  in  preference  to  hydrochloric  acid,  rosin  soap  is 
used  in  boiling,  and,  in  many  instances,  the  goods  are  chemicked 
between  the  boils.  By  boiling  in  open  kiers  the  coloured  headings 
of  the  pieces  are  kept  intact  and  the  loss  in  weight  caused  by  the 
boiling  is  less,  as  compared  with  boiling  in  high-pressure  kiers. 
The  weight  of  the  finished  material  is  a  serious  consideration  as 
regards  this  class  of  cotton  piecegoods.  The  souring  with 
sulphuric  acid  is,  therefore,  a  distinct  advantage  as  compared  with 
souring  with  hydrochloric  acid. 

The  emulsifying  property  of  rosin-soap  materially  assists  in 
the  removal  of  impurities  from  the  fabrics.  Boiling  with  rosin 
soap  also  adds  weight,  because  the  rosin  is  never  completely 
removed  by  the  subsequent  processes  of  boiling,  souring,   and 
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chemicking.  The  free  rosin  retained  is  also  very  material  in  the 
production  of  certain  effects  in  the  finishing  of  the  fabrics,  in 
that  it  helps  to  produce,  after  calendering,  a  hard  "  feel,"  with 
a  smaller  proportion  of  starch,  or  other  stiffening  material. 

Some  finishes,  such  as  the  so-called  "  Hand  Finish,"  have  to  be 
guaranteed  as  pure  finishes,  i.e.,  no  starches  or  other  finishing 
materials  have  to  be  added  in  the  finishing  operation,  still  the 
cloth  is  required  to  possess  a  firm  or  hard  "  feel."  This  can  only 
be  obtained  with  the  aid  of  the  free  rosin. 

By  applying  a  chemicking  bath  between  the  boils  a  better 
white  is  obtained,  and  the  natural  colouring  matters  of  the  fibre 
are  more  readily  destroyed  without  severe  boiling  with  alkaline 
liquors. 

The  following  is  a  typical  example  of  a  "  Market  Bleach  "  for 
"  Finishing  Whites." 

Description  of  cloth : — 445  pieces,  width  89^  inches,  length 
74  yards  each  ;  total  weight  5,600  lbs. 

The  pieces  are  singed  on  a  plate  singeing  machine,  wetted  out 
and  passed  immediately,  without  being  allowed  to  ferment, 
through  a  washing  machine  containing  milk  of  lime,  from  which 
they  are  run  into  the  low-pressure  kier.  The  milk  of  lime,  which 
is  admitted  into  the  machine  in  a  continuous  stream,  is  prepared 
by  slaking  about  1  cwt.  of  quicklime  with  800  gallons  of  water. 

First  Boil. — The  kier  is  about  8  feet  in  diameter  and  8  feet 
6  inches  in  height.  It  is  not  usual  to  heat  the  water  previous  to 
running  it  into  the  kier.  After  the  cloth  has  been  packed  into 
the  kier,  cold  water  (about  700  gallons)  is  run  in,  until  the  cloth 
is  covered,  steam  is  turned  on  and  the  boiling  conducted  for  at 
least  10  hours.  The  pieces  are  passed  directly  out  of  the  kier 
through  a  washing  machine  into  the  souring  tanks. 

First  Sour. — About  2,400  gallons  of  sulphuric  acid,  specific 
gravity  2°  Tw.,  are  prepared  in  a  tank  situated  below  the  souring 
tank.  The  acid  is  lifted  by  means  of  a  centrifugal  pump  and 
sprayed  over  the  cloth  for  about  2  hours.  For  the  souring  of  sub- 
sequent lots  of  material  fresh  sulphuric  acid  is  added  after  every 
operation  in  order  to  bring  the  liquor  to  the  original  strength.  After 
souring,  the  cloth  is  washed  twice,  and  again  run  into  the  open 
kier.     In  some  special  cases  the  cloth  is  now  chemicked. 

Intermediate  Chemicldnq. — The  chemicking  is  conducted  in 
tanks   in  the  manner  described  under   "  souring,"   with  about 
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2,400  gallons  of  bleaching  powder  solution,  specific  gravity  J°  Tw. ; 
the  goods  are  finally  washed.  The  bleaching  liquor  is  kept  for 
further  lots.     The  cloth  is  now  run  into  the  open  kier. 

Second  Boil. — The  kier  is  charged  with  boiling  water,  to  a  depth 
of  about  1  foot  above  the  false  perforated  bottom,  in  which  1 J  cwts. 
of  soda  ash  and  5  gallons  of  rosin  soap  (30  per  cent.)  are  dissolved. 

When  all  the  cloth  has  been  plaited  into  the  kier,  sufficient  hot 
water  (about  600  to  700  gallons)  to  completely  cover  the  cloth  is 
run  in,  the  steam  is  turned  on,  and  when  hot  a  further  5  gallons  of 
rosin  soap  is  added.  The  boiling  is  continued  for  about  8  hours, 
after  which  the  cloth  is  washed  twice. 

Second  Sour. — The  pieces  are  run  into  the  souring  tanks  and 

soured,  as  in  the  "  first  sour,"  with  sulphuric  acid,  specific  gravity 
1J°  Tw.,  washed  once  in  the  washing  machine  and  again  run  into 
the  kier. 

Third  Boil, — The  cloth  is  boiled  as  in  the  "  second  boil  '*  for 
6  to  8  hours,  with  1  cwt.  of  soda  ash,  and  5  gallons  of  rosin  soap. 
This  is  followed  by  two  passages  through  the  washing  machine. 
Souring  is  not  often  applied  at  this  stage,  but  the  cloth  is  usually 
directly  run  into  the  chemicking  tanks. 

Chemicking. — The  goods  are  treated  with  about  2,400  gallons  of 
bleaching  powder  solution,  specific  gravity  ^°  to  1°  Tw.,  for  about 
2  hours,  after  which  they  are  passed  once  through  the  washing 
machine  and  then  run  into  the  souring  tanks. 

White  Sour. — The  pieces  are  soured  for  2  hours  with  sulphuric 
acid  at  1°  Tw.,  washed  three  or  four  times  (until  free  from  acid), 
passed  through  the  squeezer  and  the  scutcher,  finally  water- 
mangled  and  dried. 

The  **  blueing  *'  may  be  carried  out  either  in  the  squeezer  or  in 
the  water  mangle. 

Bleaching  of  Coloured  Goods, 

The  fastest  colours  are  attacked  and  partly  destroyed  if  they 
have  to  i^ass  through  all  the  operations  which  are  necessary  to 
give  a  "  full  bleach." 

The  methods  of  dyeing  one  and  the  same  dyestuff  vary  very 
considerably  in  different  works,  and  the  fact  that  certain  shades 
have  been  i^roduced  with  the  same  dyestuff  is,  therefore,  no 
guarantee  that  they  will  exhibit  the  same  resistance  to  bleaching. 

The    same    applies    to    the    different    methods    of     boiling, 
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bleaching,  and  souring ;  they  also  differ  to  such  an  extent  that 
whilst  a  colour  may  withstand  tlie  bleaching  satisfactorily  in  one 
works  it  may  give  exactly  opposite  results  in  another. 

If  the  necessary  care  is  exercised  in  bleaching,  the  following 
dyestuflfs  may  be  considered  as  fast  to  bleaching  : — 

Alizarine  red  on  aluminium,  aluminium-iron,  or  on  iron 
mordant,  indigo,  chrome  yellow,  chrome  green  (indigo  and  chrome 
yellow),  manganese  bronze,  Aniline  black,  Diphenyl  black. 
Alizarine  Yellow  GG  and  5G,  and  Alizarine  Orange  N  on 
chromium  mordant,  Primuline  treated  with  bleaching  powder 
solution. 

The  principal  types  of  coloured  goods  which  have  to  be 
bleached  are :  Drills,  chiefly  with  blue,  red,  and  black  stripes  ; 
Oxjhnh,  chiefly  coloured  checks ;  Mulls,  coloured  headings ; 
and  one  of  the  most  important,  Dhooties,  which  have  coloured 
borders  or  selvedges,  chiefly  in  red,  black,  yellow  and  orange. 

The  preservation  of  the  colours  and  the  production  of  a  perfect 
white  on  the  uncoloured  portions  of  the  fabric  form  the  chief 
considerations  in  bleaching  coloured  goods  ;  and  it  is,  therefore, 
exceedingly  difficult  to  give  a  method  which  in  every  case  will 
give  a  satisfactory  result.  In  the  boiling  of  coloured  goods  soda 
ash  and  soaps  are  invariably  used  in  place  of  caustic  soda.  Weak 
hydrochloric  acid  is  employed  in  souring,  and  in  some  instances 
the  goods  are  not  soured  at  all.  Very  weak  bleaching  pow^der 
solutions  are  used,  and  the  pieces  are  usually  washed  after  the 
chemicking,  but  not  soured. 

The  boiling  is  generally  repeated  twice  or  three  times,  a  rinse 
following  each  boil.  The  pieces  are  very  loosely  packed  in  the 
kier  in  order  to  prevent  marking  off  of  the  colours. 

The  bleeding  or  running  of  the  colours  cannot  always  be  attri- 
buted to  tight  packing.  It  is  either  due  to  the.  dyestuflf  used,  or 
it  may  be  caused  by  the  excessive  strength  of  the  boiling  and 
bleaching  agents  employed. 

In  the  following  a  method  of  bleaching  cotton  piecegoods  with 
coloured  borders  (Dhooties)  is  described. 

The  quantities  are  given  for  300  pieces,  i.e.,  120  pieces,  width 
41  inches,  length  48  yards  each ;  100  pieces,  width  46  inches, 
length  48  yards  each ;  80  pieces,  width  61  inches,  length  48 
yards  each. 

First  Boil. — The  pieces,  after  having  been  stitched  together, 
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are  run  without  singeing  through  a  washing  machine  into  a 
kier  of  the  open  type  which  has  been  filled  with  hot  water  to  a 
depth  of  about  1  foot  above  the  false  bottom.  The  following 
ingredients  are  dissolved  in  the  water  before  the  cloth  is  run 
into  the  kier  :  22  lbs.  soda  ash,  83  lbs.  soap. 

An  alkaline  soap  is  used  for  this  purpose,  known  as  Bleaching 
Paste.  When  the  kier  has  been  charged  with  the  cloth,  suflScient 
water  is  run  into  it  to  just  cover  the  goods  (about  1,000  to  1,100 
gallons  are  required). 

11  lbs.  of  soda  ash  and  11  lbs.  of  soap  are  dissolved  in  water 
and  added  to  the  liquor  already  in  the  kier.  The  goods  are 
now  boiled  for  10  hours  without  pressure.  After  the  liquor 
has  been  run  out  of  the  kier  the  cloth  is  passed  through  a 
washing  machine,  and  if  the  colours  will  resist  souring,  it  is 
now  run  into  a  souring  cistern  in  which  hydrochloric  acid  of 
J°  to  J°  Tw.,  is  sprayed  over  the  pieces  for  about  1  hour. 

The  souring  is  followed  by  two  passages  through  the  wash- 
ing  machine,  after  which  the  pieces  are  returned  to  the  kier. 

Second  Boil. — The  goods  are  boiled  in  exactly  the  same  manner 
as  in  the  "  first  boil,"  i.e.,  for  10  hours  with  22  lbs.  of  soda  ash  and 
88  lbs.  of  soap.  A  passage  through  the  washing  machine  is 
given  after  the  second  boil,  but  only  in  few  cases  are  the  pieces 
soured  with  hydrochloric  acid  of  J°  Tw.,  for  1  hour  and  washed. 
More  frequently  it  is  the  practice  to  return  the  pieces  directly 
to  the  kier  for  the 

Third  Boil, — The  goods  are  boiled  from  5  to  6  hours  with 
15  lbs.  of  soda  ash  and  20  lbs.  of  soap,  after  which  they  are 
washed  twice  and  either  run  into  the  souring  cistern  or  into 
the  chemick  cistern.  In  a  few  instances  only  is  souring  resorted 
to  at  this  stage.     The  third  boil  is  frequently  unnecessary. 

Chemicking. — The  method  of  chemicking  is  the  same  as 
described  under  "  Shirtings.'*  The  strength  of  the  bleaching 
liquor  is,  however,  only  J°  to  J°  Tw.  The  goods  are  treated  for 
about  2  hours  in  the  bleaching  cisterns. 

Only  in  few  instances,  when  the  acid  has  a  brightening 
effect  upon  the  colours,  are  the  goods  soured  after  bleaching. 

It  is  the  common  practice  to  wash  thoroughly  after  bleaching, 
then  to  scutch  and  dry.  The  water  mangle  is  seldom  used  for 
this  class  of  goods,  and  the  "  blueing  "  is  generally  carried  out 
simultaneously  with  the  stiffening. 
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Bleaching  of  Mulls, 

In  order  to  preserve  the  colour  of  the  "  headings"  in  bleaching 
mulls  the  method  described  for  coloured  goods  has  to  be  some- 
what modified. 

The  pieces,  after  having  been  stitched  together,  are  run 
through  a  washing  machine  into  a  large  wooden  cistern,  the 
steeping  tank.  In  this  the  cloth  is  plaited  down,  but  the 
coloured  headings  are  kept  outside,  i.e.,  they  are  allowed  to  hang 
over  the  side  of  the  steeping  tank.  The  cistern  is  now  filled 
with  water,  which  is  heated  to  a  temperature  of  about  160°  F. 
The  cloth  is  allowed  to  remain  in  the  steeping  tank  over- 
night. The  starches  are  much  more  completely  destroyed  if 
either  a  small  quantity  of  sulphuric  acid  or  Diastafor  is  added  to 
the  water  in  the  steeping  cistern. 

The  boiling  and  bleaching  operations  are  the  same  as  described 
under  "  Coloured  Goods."  The  third  boil  is,  however,  always 
omitted. 

It  should  be  stated  here  that  the  coloured  headings  must 
always  be  kept  outside,  not  only  during  boiling  in  the  kier,  but 
also  during  souring  and  chemicking  in  the  cisterns.  When  the 
mulls  have  been  finally  washed  they  are  usually  blued  in  the 
squeezer,  and  in  order  to  prevent  fraying  of  the  threads  they 
are  scutched  by  hand. 

The  following  method  of  bleaching  piecegoods  with  coloured 
borders  and  headings,  such  as  Dhooties,  towels  and  handkerchiefs, 
has  been  taken  from  The  Chemisti-y  and  Practice  of  Finishing, 
by  Percy  Bean  and  W.  McCleary : — 

Stamping. 

Singeing  (for  certain  kinds  only). 

Wetting  out  in  hot  water.    Allow  to  lie  10  hours. 

Washing. 

Boiling  in  low-pressure  kier  for  8  hours  with  1  lb.  soda  ash 

and  Jib.  soft  soap  per  112 lbs.  of  cloth. 
Washing. 

Souring,  for  2  hours  with  sulphuric  acid,  0*75°  Tw. 
Washing. 
Boiling,  for  8  hours  with  f  lb.  soda  ash  and  \  lb.   soft  soap 

per  112  lbs.  of  cloth. 
Washing. 
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Chemicking,  for   4    hours  with  bleaching  powder  sohition  at 

0-75°  Tw. 
Washing. 
Antichlor.     2  hours    in  a  solution  of  2ozs.  of  sodium  thio- 

sulphate  per  gallon. 
Washing. 
Squeezing. 

Lunge  recommends  the  use  of  hydrogen  peroxide  in  place  of 
antichlor  (D.E.P.  34,  486). 

The  following  information  is  of  interest  as  regards  working 
with  Mather  Kiers,  It  has  been  taken  from  Drr  Zaigdruck\  by 
A.  Sansone ;  the  method  is  practised  in  the  works  of  De  Angeli  & 
Co.,  of  Milan :  — 

1.  Washing. 

2.  Steeping  in  a  cistern. 

3.  Souring  in  a  machine  with  sulphuric  acid  at  3^°  Tw. 

4.  Steeping  of  the  soured  goods  in  a  cistern. 

5.  Washing. 

6.  Impregnating  with  caustic  soda  lye,' 2°  Tw. 

7.  Goods  plaited  into  the  waggons. 

8.  First  boiling  in  Mather  kier  for  6  hours,  at  a  pressure   of 

10  lbs.,  with  40  lbs.  caustic  soda,  20  lbs.  rosin,  200  gallons 
of  water,  for  2,500  lbs.  of  cloth. 

9.  Second  boiling,  for  2  hours,  at  7 J  lbs.  pressure,  with  80  lbs. 

soda  ash  and  140  gallons  water. 

10.  Washing  in  kier  with  hot  water  for  f  hour. 

11.  Washing  w^ith  cold  water  in  kier.     Waggons  are  now  taken 

out  of  the  kier. 

12.  Squeezing. 

18.  Chemicking  with  bleaching  powder  solution  at  0*35°  Tw. 

14.  Steeping  in  a  cistern  for  3  hours. 

15.  Souring  in  a  machine  with  sulphuric  acid  at  8J°  Tw. 

16.  Steeping  in  a  cistern  for  2  to  3  hours. 

17.  Washing. 

18.  Squeezing. 

19.  Plaiting  into  a  cistern. 

20.  Scutching  and  drying. 
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Dr.  F.  C.  Theis,  in  Die  Stranghleiche  baumwollcncr  Geurbe, 
gives  the  following  interesting  details  as  regards  working  a 
bleaching  concern  with  Mather  kiers  for  a  weekly  production  of 
63,000  kilos,  of  cloth  :— 

1,950  kilos,  caustic  soda. 

900  kilos,  bleaching  powder. 

820  kilos,  rosin. 

690  kilos,  hydrochloric  acid. 
2,900  kilos,  sulphuric  acid. 

Men  required : — 

1  foreman. 

1  storekeeper. 

10  men  for  grey-room  and  singeing. 

22  men  in  the  bleach  croft. 

6  men  for  the  drying  machines. 

Cotton  piecegoods  which  have  been  boiled  in  the  open-width 
have  to  be  treated  in  an  Open-xvidth  Washing,  Souring  and 
Chcmiching  Mach  in e, 

A  machine  used  for  this  purpose  is  illustrated  in  Fig.  33  (Sir 
James  Farmer  &  Sons,  Ltd.).  It  consists  of.  two  wash  tanks 
made  of  pitch  pine,  each  of  which  is  divided  into  four  compart- 
ments. The  divisions  are  arranged  in  order  to  keep  the  liquor  in 
the  four  tanks  at  four  different  levels,  an  overflow  being  provided 
in  the  lowest  compartment.  Each  tank  is  also  provided 
with  a  separate  outlet  valve.  The  sour  tank  is  fitted  with 
wooden  rollers  with  acid-proof  centres  running  in  acid-proof 
bearings.  From  here  the  cloth  passes  into  the  second  wash 
tank,  and  finally  into  the  two  chemic  tanks.  These  are  usually 
made  of  stone  and  fitted  with  earthenware  rollers.  The  cloth 
is  squeezed  before  entering  each  of  the  tanks,  and  also  after 
leaving  the  last  chemic  tank  and  before  being  plaited  down. 
Speed  of  cloth,  about  65  yards  per  minute.  Power  required, 
5  h.p. 

Special  Bleaching  Processes. 

Sodium  hypochlorite,  prepared  either  by  electrolysing  a  solution 
of  common  salt  (see  p.  73),  or  by  decomposing  bleaching  powder 
with  sodium  carbonate  (see  p.  72),  or  by  passing  chlorine  gas 
into  a  solution  of  caustic  soda,  may  be  used  in  place  of  bleaching 

B.D.  I 
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powdersohition,  without  materially  altering  the  metlioda  of  bleach- 
ing already  described.  Sucli  Bolutioiis  penetrate  the  material  more 
readily ;  they  iisnaliy  bleach 
at  the  l>eginning  somewhat 
more  rapidly,  but  the  final 
result  is  identical  with  that 
obtained  by  employing  bleach- 
ing powder. 

Many  attempts  have  been 
made  to  dispense  either  partly 
or  entirely  with  the  boiling  of 
the  goods  before  bleaching. 
It  ha»,  for  instance,  been  sug- 
gested to  scour  the  goods  with 
soda  with  the  addition  of 
Turkey-red  oil,  Monopole 
soap,  and  other  substances. 
As  far  as  the  author  is  aware, 
the  processes  have  not  found 
any  extensive  application. 

In  order  to  make  the  action 
of  the  soda  lye  used  in  Iwiling 
more  powerful,  it  has  been 
suggested  to  add  various 
ingredients  to  the  tye. 

Thies  &  Herzig  impregnate 
tlie  goods  with  a  solution  of 
about  10  tbs.  of  sulphuric,  or 
16  lbs.  of  hydrochloric  acid  per 
100  gallons  of  water,  with  the 
addition  of  J  lb.  of  hydrofluoric 
acid.  This  is  followed  by  a 
passage  through  steam,  in 
order  to  convert  the  starch 
and  to  remove  compounds  of 
silica,  iron,  and  alumina. 

H.  Koechlin  reconmiends  the 
addition  of  reducing  agents, 
such  as  sodium  sulphite  and 
bisuli>liite. 
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G.  Hertel  patented  a  process  which  consists  in  impregnating 
the  cloth  with  Turkey-red  oil,  drying,  boiling  with  caustic  soda 
under  pressure,  souring,  washing,  soaping,  rinsing,  and  drying. 

G.  Geisenheimer  employs  sodium  silicate  in  conjunction  with 
caustic  soda  lye  in  boiling. 

G.  Saget  suggests  a  boiling  liquor  composed  of  lime,  Turkey- 
red  oil  and  sodium  bisulphite. 

A.  Endler  patented  a  method  in  which  the  cloth  is  impregnated 
with  a  solution  of  soda  ash,  common  salt,  and  sodium  bisulphite, 
and  afterwards  steamed  in  a  continuous  steaming  apparatus. 

The  addition  of  benzene  and  toluene  to  the  boiling  lye  was 
suggested  by  A.  Mahieu. 

Dr.  Friedrich  Carl  Theis,  in  Die  Brcithleiche  baiunwoUener 
Gctcehe,  p.  167,  gives  a  table  from  which  the  results  obtained 
by  these  different  methods  may  be  seen. 

The  object  of  other  processes  consists  in  accelerating  the  action 
of  the  bleaching  agent  used. 

G.  Lunge  was  the  first  to  suggest  the  use  of  acetic  acid  or 
formic  acid  for  the  purpose  of  liberating  hypochlorous  acid  from 
bleaching  powder. 

Hadfield  and  Sumner  patented  a  process  in  which  the  pieces 
are  impregnated  with  a  solution  of  bleaching  powder,  about 
1°  Tw.,  squeezed  and  then  passed  through  a  chamber  containing 
acetic  acid  vapour ;  whilst  in  the  Mather-Thompson  bleaching 
process  the  pieces,  after  impregnation  with  the  bleaching 
powder  solution,  are  passed  through  a  chamber  containing 
carbonic  acid  gas. 

Horace  Koechlin  suggested  steaming  of  the  goods  after  they 
have  been  passed  through  sodium  hypochlorite  and  impregnated 
with  caustic  soda  lye.  The  material  is  then  once  more  passed 
through  the  bleaching  agent,  washed,  soured,  and  washed.  He 
also  recommends  impregnation  of  the  pieces  with  calcium  bisul- 
phite, followed  by  steaming  under  pressure. 

Bleaching  with  Potassium  Permanganate, 

Scurati  Manzoni^  suggests  the  following  method  for  bleaching 
with  potassium  permanganate.  The  yarn  is  boiled  under  pressure 
with  caustic  soda,  well  washed,  and  then  steeped  for  5  hours  in  cold 

^  Journ,  Soc,  Dyera  and  ColourUts,  1889,  p.  98. 
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sulphuric  acid,  7J°  Tw.,  to  which  a  concentrated  solution  of  the 
permanganate  is  added  in  two  or  three  different  portions.  The 
cotton  is  finally  thoroughly  washed.  He  states  that  ^  lb.  of 
permanganate  is  required  to  bleach  100  lbs.  of  cotton  yarn. 
Better  results  are  obtained  if,  in  place  of  steeping,  the  goods  are 
kept  moving  all  the  time. 

Another  method  consists  in  steeping  the  cotton  in  a  slightly 
acidulated  solution  of  potassium  permanganate.  The  cotton  is 
then  taken  out  and  passed  through  a  bath  containing  bisulphite 
of  soda  or  sulphurous  acid. 

BleacJiing  tvith  Peroxide  of  Hydrogen. 

Excellent  whites  may  be  obtained  by  bleaching  with  peroxide 
of  hydrogen  in  place  of  bleaching  powder.  The  cost  is,  however, 
practically  prohibitive. 

Horace  Koechlin  proposed  the  following  method  :  The  cloth  is 
soured  with  sulphuric  acid  at  3°  Tw.,  allowed  to  lie  overnight, 
washed,  and  then  boiled  for  6  hours  in 

100  gallons  water, 
10  lbs.  caustic  soda, 
30  lbs.  soap, 
8  lbs.  calcined  magnesia, 
5  gallons  peroxide  of  hydrogen  (12  volumes  strength). 

The  goods  are  now  washed,  soured  with  sulphuric  acid,  washed, 
and  dried. 

Konigswarter  and  E))ell  recommend  the  following  method  for 
bleaching  with  hydrogen  peroxide : — The  goods  are  boiled  in  a 
high-pressure  kier  with  caustic  soda,  washed,  squeezed,  and 
steeped  for  8  to  12  hours  at  60^  to  80"  E.,  in  a  bath  containing 

100  gallons  peroxide  of  hydrogen,  ' 

2  gallons  ammonia, 
50  to  100  gallons  water. 

The  goods  are  finally  squeezed  and  dried  in  a  place  in  which 
they  are  exposed  to  air  and  light,  as  much  as  possible. 

Another  method  consists  in  bleaching  the  goods,  after  boiling, 
first  with  a  weak  solution  of  sodium  hypochlorite,  and  finally 
with  peroxide  of  hydrogen. 
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Bleaclting  xcith  Sodium  Peroxide, 

The  use  of  sodium  peroxide  in  place  of  hydrogen  peroxide  has 
been  recommended  by  Konigswarter  and  El)ell. 

In  preparing  the  })leaching  liquor  the  following  points  must  be 
observed  :  The  tins  containing  the  sodium  peroxide  should  only 
be  opened  when  required ;  the  contents  must  not  be  exposed  to 
the  air.  It  should  be  added  slowly,  and  in  small  quantities  at  a 
time,  to  cold  water  with  continuous  stirring.  If  the  water 
becomes  hot,  cooling  will  be  necessary.  The  vessels  used  in 
bleaching  should  be  made  either  of  wood,  enamelled  iron,  or  lead. 
It  is  best  to  use  soft  water.  The  bleaching  liquor  should  react 
slightly  alkaline. 

The  following  method  gives  the  best  results  :-- 

80  lbs.  of  magnesium  sulphate  are  dissolved  in 

95  gallons  of  water.     To  this  add 

10  lbs.  of  sodium  peroxide,  and  finally 

12J  lbs.  sulphuric  acid,  168°  Tw. 

The  bleaching  is  best  conducted  at  100°  to  115°  F.,  for  1  to  10 
hours.  The  goods  are  finally  soured  with  sulphuric  acid,  washed, 
and  dried. 

In  order  to  reduce  the  loss  of  available  oxygen  as  far  as 
possible,  the  sodium  peroxide  should  be  added  to  the  acidulated 
water,  and  finally  the  other  additions  should  be  made. 

Bleaching  with  Sodium  Perborate, 

A  very  powerful  bleaching  agent  which  has  been  introduced 
within  the  last  few  years  is  sodium  perborate. 

The  following  method  is  used  in  some  places  with  success : 
The  goods  are  first  boiled  with  caustic  soda  in  a  high  pressure 
kier,  and  afterwards  in  an  open  kier,  which  has  been  well  lime- 
washed,  with  about  1  per  cent,  of  sodium  perborate. 

BIcachiiKj  with  Ozone, 

Ozone  has  been  tried  as  a  bleaching  agent  for  cotton.  Satis- 
factory results  have  been  obtained  by  exposing  the  material  first 
to  the  action  of  ozone,  and  by  treating  it  afterwards  with  a 
solution  of  hypochlorite.  The  method  has,  however,  been  found 
too  expensive. 
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WARHiNd  OF  Cotton  Piecrgoods. 

Cotton  piecegoodfl  may  either  be  'nnshed  in  the  form  of  a  rope 
in  Ilojie  or  Strand  Wa^hinf/  Machines,  or  in  the  full  width  in 
Open-ipidth   IVanhinfj  Machines. 

One  of  the  oldest  und  simplest  washing  machines  in  which  the 
cloth  ia  thoroughly  cleansed,  and  at  the  same  time  gently  treated 


Fio.  34. — 'Wflrthing  Maehiiie. 

and  ruhhed,  is  the  Wash  Wheel.  It  consists  of  a  wooden  cylinder 
usually  Imund  with  iron  hoops,  the  inside  of  which  is  divided  by 
means  of  wooden  partitions  into  four  compartments,  each  of 
which  is  provided  with  a  manhole  tlirough  which  the  cloth  is 
placed  into  the  machine.  Water  is  introduced  into  the  compart- 
ments through  the  hollow  axle,  and  small  holes  are  provided  in 
the  outer  wall  of  the  drum  through  which  the  dirty  water  flows 
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away.  Tlio  wheel  revolves  filowly,  and  the  cloth  iMjinfi!  thrown 
alioiit  ill  the  compartmeiitB,  is  rubhed  and  thoroughly  cleansed. 
The  Wash  Wheel  is  particularly  suited  for  washing  delicate  fabrics 
and  for  cintha  with  coloured  headings  (Turkish  towels,  etc.). 

A  Wa»hiii'j  Machhie  in  which  the  cloth  is  hammered  by  means 
of  wooden  fallers  is  built  by  Haubold,  and  illustrated  in  Fig.  34. 
It  consists  of  the  framework  a,  which  is  held  together  by  means 
of  the  iron  stays  b,  upon  which  rests  the  slowly  revolving 


Fig.  ;to.— Rope  Washing  Machine  (transverse  section}. 

trough  c,  and  the  driving  gear  d.  The  upper  stays  e  are  made  of 
wood,  and  contain  the  guide  holes  for  the  fallers/.  The  trough 
is  covered  with  the  lid  j/,  which  prevents  the  liquor  from  splash- 
ing about.  When  charging  the  machine  with  cloth,  the  fallers/ 
are  lifted  by  means  of  lever  /(,  and  held  in  position  by  catches  j. 
The  machine  is  driven  by  means  of  pulley  k  and  the  cogged 
wheels  I.  The  different  wipers  for  lifting  the  fallers/,  by  means 
of  the  small  rollers  o,  are  placed  on  the  wiper-beam  >ii.  The 
wipers  are  arranged  so  as  to  allow  the  fallers  to  come  down  on 
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to  the  clotl  alt  fttely,  and  further  in  such  ft  manner  that  the 
time  1  I  elaj  ses  Iwtweeii  the  falling  down  of  the  fallers 
neare  tl  e  e  t  e  f  the  machine  is  longer  than  that  for  the 
fftller  f  tl  e  a  aj  from  the  centre.  The  machine  may  also 
be  used  for  nashmg  and  blueing  yarn,  similar  to  the  Wagk 
Storh-H,  which  latter  may  also  !«  employed  for  washing  cotton 


A  modem  type  of  Rnpe-Washing  Machine   is  illustrated  in 


Fi<3.  36. — Bope  Washing  Ifachine  (sectional  elevation). 

Figs.  35  and  36  (Messrs.  Mather  &  Flatt).  The  shallow  hori- 
zontal trough  is  divided  into  three  compartments  by  two 
transverse  partitions  with  openings  at  the  bottom.  Two 
strands  of  cloth  pass  tbrongh  the  machine  at  a  time,  one 
entering  at  each  end  and  both  being  delivered  at  the  centre. 
In  order  to  guide  the  cloth  spirally  through  the  machine, 
pegs  A,  made  either  of  hard  wood  or  of  porcelain,  are  provided. 
The  strands  are  repeatedly  squeezed  by  means  of  a  pair  of 
heavy  wood  bowls,  made  of  beech  or  elm,  18  inches  to  24  inches 
diameter  and  8  feet  3  inches  wide  on  the  face.  A  very  thorough 
washing  with  a  minimum  amount  of  water  is  effected  in  this 
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type  of  machine,  it  being  worked  on  the  counter-current 
principle.  A  large  quantity  of  water  is  delivered  through  a 
4-inch  supply  pipe  C,  against  the  outgoing  cloth.  The  water 
passes  then  from  the  middle  compartment  of  the  trough  under 
the  partitions  into  the  two  outer  compartments,  and  it  finally 
overflows  at  D  and  E,  at  each  end  of  the  trough,  where  the  dirty 
cloth  enters  the  machine.  It  should  also  be  mentioned  that 
the  pot-eyes  B,  through  which  the  cloth  enters  the  machine, 
can  be  rotated  in  order  to  put  more  or  less  tension  on  the  cloth. 


Side    GLevATioN 


Wince 


Hjnd  Levtrfor 
Starting  and 
Stopptiyttichtnc  ^ 


Fig.  37. — Square  Beater  Washing  Machine. 

The  cloth  passes  through  the  machine  at  a  speed  of  200  yards 
per  minute;  thus  400  yards  of  cloth  are  washed  per  minute. 
8  b.h.p.  are  required  to  drive  the  machine. 

Cloth  which  has  been  dyed  with  Alizarine  dyestuffs,  and 
which,  therefore,  requires  a  very  thorough  washing,  is  best 
treated  in  a  Square  Beater  Washing  Machine  (Mather  &  Piatt) 
(Fig.  37).  The  wood  bowl  is  20  inches  diameter  and  10  feet  wide 
on  the  face.  The  machine  is  provided  with  a  square  wood 
beater,  which  effectively  beats  the  cloth  and  opens  it  out  as  it 
passes  along  the  surface  of  the  water.  Generally  one  strand 
of  cloth  is  washed  in  the  machine  at  a  time,  it  entering  at  one 
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end  of  the  trough  whilst  it  leaves  at  tlie  other  end,  where  it 
passes  through  a  squeezing  nip  before  being  delivered  over  the 
piling  wince.  The  water  is  supplied  through  a  4-inch  water  inlet 
valve,  and  the  cloth  passee 
through  the  machine  at  a 
speed  of  1 10  yards  per  minute. 
Power  required  to  drive  the 
machine,  8  b.b.p. 

The    Open    Soapei:~1he 
ordinary     types    of     washing 
machines    are,  in    some   in- 
stances,   not     safdcient    for 
washing  certain  shades  or  for 
cleansing    the    fabrics    after 
mordanting.     In  these  cases 
the  open  aoaper  type  of  wash- 
ing  machine,  in    which   the 
soap  solution  or  the  wat«r  is 
I     powerfully  thrown  against  and 
g     through  the  fabric,  by  means 
g      of  hvatcrs,  may  be  employed 
S.     with   advantage.      The   open 
I      eoaper  may  also  be  used  for 
^     chroming,  washing,  and  soap- 
o     ing  Aniline  blacks    and    for 
^      developing  and  soaping  Fara- 
red,  etc.     Fig.   38   illustrates 
one  of  these  machines  built 
by  Messrs,  Sir  James  Farmer 
&  Sons,  Ltd.    It  consists  of  six 
tanks,  of  which  the  first  one 
may  be   employed   for   fixing 
tannic   mordants  with   tartar 
emetic,  whilst  the  second  tank 
usually  contains   cold   water, 
the   third,    fourth,   and    fifth 
tanks    soap    solution   or   hot 
water,  and  the  sixth  tank  cold 
water.      A    levered   squeezer, 
with  a  balanced  opener,  which 


BLEACHING  123 

opens  out  the  cloth  and  lieeps  it  in  the  centre  of  the  mftchine, 
is  provided  between  the  first  and  second  tank,  whilst  draw 
rollers  are  fixed  between  the  cold  water,  the  soap,  and  tlte 
hot  water  tanks.  After  leaving  the  last  hot  water  tank  the  cloth 
passes  through  another  squeezer,  provided  with  balanced  opener, 
into  the  last  cold  water  tank,  and  from  here  ultimately  through 
a  compound  levered  squeezer  with  scrimp  rails.  The  necessary 
steam  pipes,  as  well  as  the  overflow  pipes,  are  shown  in  the 
drawing. 

The  water  in  the  cold  water  tanks  is  kept  on  two  levels  with  a 
four-glitter  beater  on  each  level. 
The  manner  of   threading  the 
cloth    through   the    machine   is 
such  as  to  subject  the  cloth  to  the 
action   of    the   beaters   on  both 
sides.   Each  compartment  of  the 
Boaper  is  fitted  with  a  plug-tap 
regulated   so   that   part   of    the 
liquor  can  be  drained  from  the 
bottom  of  the  tank,  whilst  the 
other  part  overflows  over  parti- 
tion plates  and  fiually  through  a 
gutter  overflow.     This  arrange- 
ment makes  it  impossible  for  any  | 
floating  matter  to  accumulate.  \ 
In  the  soap  tanks  two  sets  of 
S-inch  beaters  are  inserted  be- 
tween the  folds  of  the  cloth.    The      Fia.  39,— Fanner's  Tatont  Beater. 
object  of  this  is  to  secure  as  great 

a  length  of  cloth  in  the  liquor  as  possible.  The  tank  is  divided 
by  means  of  a  partition  plate  into  two  compartments,  and 
when  two  or  more  tanks  are  coupled  together  the  liquor  passes 
from  one  tank  into  the  next,  and  so  on.  Whilst  the  heaters 
are  driven  direct,  change-speed  gear  is  used  for  the  cloth  in 
order  to  enable  Irath  light  and  heavy  fabrics  to  be  treated 
in  the  same  machine.  Owing  to  the  action  of  the  beaters 
the  weft  is  kept  straight,  no  creases  are  formed  in  the  cloth, 
and  ihe  elasticity  of  the  movable  gulters  prevents  rubbing  of 
the  surface  of  the  fabric. 

The  cloth  may  he  passed  through  the  machine  at  a  speed 
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varyiiif;   from   25   to   60   yards   per   minute.      Power  required, 
12  h.p. 

The  Patent  Beater,  as  used  in  the  cold  water  tanks,  is  shown 
in  Fig.  39.  It  consists  of  four  copper  gutters  soldered  on  stiff 
steel  rods,  the  ends  of  which  are  carried  loose  on  spider  wheels 
keyed  on  tha  beater  shaft.  The  beater  revolves  at  a  great  speed 
in  order  to  cause  the  gutters  to  fly  out  by  centrifugal  force. 
When  at  the  lowest  point  they  partly  dip  into  the  water,  they 
heeome  filled,  and  when  coming  into  contact  with  the  cloth  dis- 
charge the  liquor  with  considerable  force  against  it,  and  in  the 
case  o(  a  thin  fabric,  actually  through  it.     A  perfectly  uniform 


Fig.  40.— Squeezer. 

elastic  beating  and  flushing  action  is  thus  produced  on  the  whole 
width  of  the  cloth.  The  beaters  in  the  hot  water  and  soap 
tanks  are  of  similar  construction.  They  are,  however,  usually 
smaller  in  diameter,  and  provided  with  three,  in  place  of  four 
gutters. 

The  bleaching  operation  having  been  completed,  the  cloth 
passes  now  in  the  rope  form  through  the  Squeczi-r,  illustrated 
in  Fig.  40  (Mather  &  Piatt).  The  machine  is  fitte<l  with  two 
bowls  about  20  inches  diameter  by  18  inches  wide,  one  of  which  is 
made  of  compressed  cotton,  the  other  of  brass  or  cocoanut 
fibre.  Two  strands  of  cloth  pass  through  the  squeezing  nip 
at  a  time,  and  pressure  is  applied  to  the  howls  by  means  of 
compound   levers   and  weights.     A   trough   with   guide   rollers 


is  provided  in  front  of  the  equeezer,  through  which  the  cloth 
passcB.  This  trough  may  contain  water  or  weak  alkali 
(ammonia)  in  order  to  neutrahse  any  traces  of  acid  which  may 
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have  been  left  in  the  cloth,  or  it  may  be  charged  with  a  "  blueing 
agent "  if  the  white  has  to  be  **  blued."  Each  strand  passes 
through  the  machine  at  a  speed  of  about  200-  yards  per  minute. 
Power  required,  6  h.p. 

The  cloth  after  leaving  th«  squeezer,  being  still  in  the  rope 
form,  has  to  be  opened  to  its  full  width  before  it  can  be  dyed 
or  dried.  Formerly  the  opening  out  was  entirely  performed 
by  hand.  As  pointed  out  under  "  Bleaching,*'  this  is  still 
practised  with  certain  kinds  of  fabrics. 

With  the  exception  of  these,  the  work  is,  however,  now  uni- 
versally performed  by  a  machine  known  as  Scutcher,  shown  in 
Fig.  41  and  Fig.  42  (Mather  &  Piatt).  Before  entering  the 
scutcher,  the  strand  of  cloth  is  run  horizontally  for  a  distance  of 
about  80  to  40  feet.  The  cloth  now  meets  the  beater,  a  frame  fitted 
with  tubular  brass  bars  which  strike  against  the  cloth,  revolving 
in  the  direction  opposite  to  that  in  which  the  cloth  travels. 
By  means  of  this  beating  action  the  twist  is  taken  out  of  the 
cloth.  It  now  passes  between  rollers  revolving  in  the  direction 
opposite  to  that  of  the  cloth,  which  are  covered  with  raised 
copper  spirals.  The  threads  of  these  spirals  run  right  and  left 
hand  from  the  centre,  and  by  means  of  these  the  cloth  is  still 
further  opened  out.  The  cloth  is  finally  delivered  over  a 
draw  roller  directly  to  the  drying  cylinders  or  to  the  Water 
Mangle. 

A  further  portion  of  the  water  contained  in  the  cloth  may 
be  removed  by  passing  it  through  a  Water  Mangle,  in  which 
the  cloth  is  evenly  squeezed.  The  water-mangling  also 
influences  the  finishing  operations  to  a  very  considerable 
extent.  Mangles  consisting  of  from  three  to  six  bowls  are 
usually  employed.  Figs.  43  and  43a  illustrate  a  Six-bowl  Mangle 
of  Messrs.  Sir  James  Farmer  &  Sons.  In  this  mangle  bowls 
of  brass  and  cotton  are  arranged  alternately,  and  pressure  is 
put  on  the  bowls  by  means  of  compound  levers.  The  machine 
is  driven  by  means  of  a  two-speed  gear,  the  fast  speed  being 
obtained  by  putting  in  gear  the  friction  clutch  which  drives 
direct  the  shaft  on  which  is  keyed  a  spur  pinion,  which  gears 
with  the  spur  wheel  on  the  end  of  the  brass  driving  bowl.  For 
the  slow-speed  the  friction  clutch  is  disengaged  and  the  claw- 
clutch  put  in  gear.  Connecting  wheels  are  provided  between  the 
driving  bowl  and  the  brass  bowl  next  to  the  top,  in  order  to 
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elirainate  any  slipping.  The  cloth  enters  under  and  over  the 
two  break-rollers,  and  it  then  passes  into  the  water  box.  This 
may  contain  the  necessary  **  blueing  solution/*  if  the  cloth  is 
finished  after  mangling. 

From  here  the  cloth  travels  to  the  five-bar  expander  and 
then  into  the  nip,  and  finally  to  the  plaiting  arrangement.  In 
this  type  of  mangle  the  cloth  may  also  be  threaded  in  such 
a  manner  as  to  allow  **  chasing,*'  i.e.,  passing  a  number  of  layers 
of  cloth  through  the  nips  at  the  same  time.  The  cloth,  in  place 
of  passing  through  the  plaiter,  is  taken  from  the  top  nip  round 
a  special  drying  cylinder,  through  the  separating  bars  down  to 
an  adjustable  roller,  and  then  over  the  scrimp-rail  into  the  nip. 
This  operation  is  repeated  until  the  necessary  number  of  laps 
have  been  obtained.  The  cloth  is  finally  batched  against  the 
second  cotton  bowl.  The  two  top  brass  bowls  may  be  heated  by 
steam.  The  cloth  passes  through  the  water  mangle  at  a  speed 
of  (ibout  80  yards  per  minute,  and  the  power  required  to  drive 

the  machine  is  20  h.p. 

« 

Drying  of  Cotton  Piecegoods. 

After  water-mangling  the  cloth  is  ready  for  dyeing,  finishing, 
or  drying. 

The  number  of  cylinders  employed  for  drying  the  cloth  varies. 
Frequently  as  many  as  thirty  cylinders  are  used.  The  cloth 
is  passed  through  the  Drying  Machine  in  such  a  manner  that  its 
two  sides  come  alternately  into  contact  with  the  surfaces  of  the 
cylinders.  The  cylinders  may  be  arranged  either  in  vertical  stacks, 
or  they  may  be  placed  horizontally.  The  former  arrangement 
requires  less  floor- space,  but  the  latter  is  more  convenient  to 
work,  because  the  cloth  can  be  under  observation  practically 
during  the  whole  of  the  time.  Fig.  44  illustrates  a  Vertical 
Drying  Machine,  with  sixteen  cylinders,  arranged  in  tw-o 
stacks  of  eight  cylinders  each,  built  by  Sir  James  Farmer  & 
Sons. 

The  frames  are  made  hollow  with  the  necessary  arrangements 
for  carrying  the  drying  cylinder  stands,  brackets,  etc.  The 
drying  cylinders  are  usually  made  of  copper,  but  if  the  initial 
cost  is  a  serious  consideration  they  may  be  made  of  tinned  iron. 
The  cylinders  are  provided  with  air  valves  in  order  to  prevent 
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the  possibility  of  collapse  and  with  internal  buckets,  by  means 
of  which  the  condensed  water  can  be  completely  removed. 
In  the  early  types  of  machines  the  bodies  of  the  cylinders 
had  joints  across  the  face.  The  earhest  method  of  jointing 
consisted  in  dovetailing  the  sheet  of  copper  together  and  brazing 
with  brass  spelter.  The  spelter  used  is  harder  and  more  brittle 
than  the  copper  sheet,  and  consequently  whilst  the  brazed  seam 
is  being  filed  the  corners  are  apt  to  be  broten.  Thus  a  leak- 
^6   may   be   caused,  which   although   only   slight   and  hardljr 


Fig.  44. — Vertical  Drying  Machine. 

noticeable,  may  result  in  considerable  damage  being  done  to 
the  cloth. 

The  same  disadvantages  apply  to  the  riveted  seam,  and  in 
addition  it  has  another  serious  drawback  in  that  the  seam  is 
thicker  than  the  remainder  of  the  body  of  the  cylinder.  The 
cloth  is,  therefore,  unevenly  dried,  and  this  may  give  trouble 
when  drying  dyed  goods.  These  difficulties  are  overcome  by 
making  the  drying  cylinders  out  of  seamless  copper  shells. 
Such  cylinders  can  be  worked  at  higher  pressures  with  very 
little  risk. 

The  steam  is  admitted  into  the  vertical  hollow  framing  of  the 
machine,  and  it  then  passes  through  the  drying  cylinder  stands 
into  the  cylinders.  The  condensed  water  is  delivered  into  the 
hollow  framing  on  the  opposite  side,  which  is  connected  to  a 
steam  trap. 
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The  cylinders  are  driven  by  means  of  fast  and  loose  pulleys, 
the  drive  paseing  along  the  driving  shaft  to  the  spur  pinion 
at  its  end.  This  drives  a  larger  spur  wheel  which  in  its  turn 
engages  with  the  spur  wheel  on  the  first  cylinder  of  each 
stack,  from  which  the  other  cylinders  are  driven.  The  usual 
working  pressure  of  drying  cylinders  ia  from  10  to  15  lbs, 
per  square  inch.  With  this  pressure  a  drying  cylinder  of 
22  inches  in  diameter  is  capable  of  drying  about  3  yards  of 
cloth  per  minute.  The  machine  shown  in  Fig.  44  is  capable  of 
drying  about  48  yards  of  cloth  per  minute,  and  it  requires 
6  h.p.  to  drive  it. 

A  Horizontal  Drying  Mackine,  with  twenty-one  cylinders,  is 
shown  in  Fig.  45.  The  construction  of  the  machine  is  practically 
the  same  as  that  of  the  vertical  type.    The  machine  is  driven 


PlO.  4C.  — Drying  Cjlinder  Stand  with  Gray's  Patent  Spriug  Packing. 


in  two  places.  On  the  end  of  the  driving  shaft  is  a  spur  pinion, 
which  drives  the  front  half  of  the  machine,  a  longitudinal  shaft 
receiving  its  motion  by  means  of  bevel  wheels  from  the  driving 
shaft  and  transmitting  the  power  through  another  pair  of  bevel 
wheels  to  a  short  driving  shaft,  which  carries  a  spur  pinion. 
This  pinion  gears  with  one  of  the  spur  wheels  on  the  drying 
cylinders,  and  bo  drives  the  back  half  of  the  machine.  On  the 
machine  shown  the  cloth  can  be  dried  at  a  speed  of  63  yards  per 
minute.     Power  required,  7  h.p. 

It  will  perhaps  be  of  interest  to  explain  the  principle  of  the 
drying  cylinder  »tand  or  doll  head,  illustrated  in  Fig,  40,  in  which 
Gray's  Patent  Spring  leaching  is  employed,  which  constitutes  a 
considerable  improvement  over  the  older  methods  of  packing. 

The  steam  enters  into  the  steam  chamber  from  below, 
immediately  at  the  end  of   the   drying   cylinder   nozzle,   from 
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wheie  it  passes  along  the  central  hole  in  the  nozzle  into  the 
cylinder.  Loss  of  steam  is  prevented  by  means  of  the  spring 
keeping  the  cage  always  up  to  the  packing. 

A  modern  drying  machine,  the  Cell  Dryer,  is  illustrated  in 
Fig.  47  (Messrs.  Samuel  Walker  &  Sons,  Ltd.). 

In  place  of  the  drying  cylinders  stationary  steam  chests  {cells) 
are  employed  in  this  machine,  over  which  the  cloth  passes  at 
a  rapid  rate.  Steam  of  up  to  40  lbs.  pressure  per  square  inch 
may  be  introduced  into  the  "cells."  The  cloth  may  be  run 
through  the  dryer  at  a  speed  of  200  yards  per  minute.  The 
machine  seems  to  give  satisfactory  results,  particularly  when 
employed  for  the  drying  of  bleached  goods. 

Drying  of  the  fabrics  by  means  of  cylinders,  as  described, 
does  not  always  give  the  desired  result,  because  the  fibres 
lose  their  elasticity,  the  cloth  always  shrinks  more  or 
less  in  width,  the  threads  become  flattened,  and  the  charac- 
teristic structure  of  the  fabric  often  suffers.  In  order  to 
overcome  these  difficulties  the  cloth  is  dried  in  a  stretched 
condition  by  means  of  hot  air.  For  this  purpose  Stentering 
Machines  of  considerable  length  are  employed. 

A  High-Speed  Starching  and  Stentering  Range  with  Jigging 
Motion  for  Elastic  Finishes  is  shown  in  Fig.  48  (Mather  &  Piatt, 
Ltd.).  The  range  comprises  a  mangle,  the  trough  of  which 
contains  the  starch  or  other  filling  or  softening  material.  After 
impregnation  the  excess  of  material  is  squeezed  out  by  means  of 
two  bowls  of  8  inches  to  9  inches  diameter,  one  of  which  is  made 
of  brass,  the  other  of  rubber  or  of  sycamore  (20  inches  diameter). 
From  the  mangle  the  cloth  passes  on  to  a  six-  or  eight-cylinder 
drying  machine,  on  which  it  is  partially  dried  before  passing 
on  to  the  stentering  machine.  Between  the  drying  cylinders 
and  the  stentering  machine  is  a  compensating  apparatus  A,  by 
means  of  which  an  even  tension  is  kept  on  the  cloth.  In 
machines  in  which  the  mangle  and  the  drying  cylinders  are 
driven  from  separate  electric  motors,  or  by  a  separate  steam 
engine,  the  sliding  roller  actuates  the  steam-supply  valve  of 
the  engine  or  the  speed-regulating  switch  of  the  motor.  The 
cloth  passes  now  to  the  point  £,  at  which  it  enters  the  stenter, 
the  clips  of  which  automatically  grip  the  cloth  at  the  selvedges, 
gradually  stretching  it  out  to  the  width  required.  The  stenter 
is  usually  about  90  feet  long  between  the  centres  of  the  chain 
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wheels.  Daring  the  passage  of  the  cloth  over  the  stenter  air 
is  blown  against  it  by  means  of  a  powerful  blowing  fan  through 
adjustable  mouthpieces  placed  both  above  and  below  the  cloth. 
The  air  is  heated  by  means  of  a  high-pressure  multitubular 
heater  with  2,300  square  feet  of  heating  surface.  The  stenter 
is  housed  in  a  wooden  enclosure,  and  the  fan  draws  the  air 
partly  from  outside  at  C  and  partly  from  the  delivery  end  of 
the  enclosure  -at  D.  Thus  by  re-using  the  hot  air,  which 
contains  only  a  small  amount  of  moisture,  considerable  economy 
in  working  the  range  is  obtained.  The  moist  air  is  expelled 
at  the  entering  end  at  E,  and  in  order  to  prevent  it  from 
mixing  with  the  dry  air  at  the  delivery  end  of  the  stenter,  a 


Figs.  49,  49a.— Mather-Platt  Stenter  Clip. 

partition  is  placed  across  the  chamber  near  the  middle  of  the 
stenter. 

The  stenter  is  also  provided  with  an  arrangement  for 
straightening  the  weft  threads,  and  further,  with  jigging  motion 
for  the  production  of  "  elastic  *'  or  **  batist  "  finishes. 

The  cloth  is  ultimately  automatically  released  from  the  stenter 
clips,  and  it  may  finally  be  conducted  over  a  drying  cylinder 
in  order  to  complete  the  drying  of  the  selvedges.  It  is  then 
either  plaited  down  or  batched.  The  plan  shows  the  fan  and 
the  heater  in  a  pit  directly  underneath  the  stenter,  but,  if  more 
convenient,  they  may  be  placed  either  on  one  side  or  at  the  end 
of  the  machine.  The  fan  delivers  from  20,000  to  25,000  cubic 
feet  of  air  per  minute,  and  it  requires  a  power  of  20  h.p.  The 
heater  is  5  feet  in  diameter  by  12  feet  long,  and  works  at  pressures 
up  to  60  lbs.  per  square  inch.  Sateens  of  average  weight  may 
be  dried  at  a  speed  cf  about  100  yards  per  minute,  but  when 
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jigging^  at  40  to  60  yards  per  minute.  Power  required  to  drive : 
the  range,  18  h.p. ;  the  jigging  motion,  4  h.p. 

Figs.  49  and  49a  illustrate  the  Mather-Platt  Stentei*  Clip^  which 
is  of  interest  on  account  of  its  simplicity  of  construction  and 
accuracy  of  work.  In  Fig.  49  the  clip  is  shown  in  the  position 
when  the  cloth  enters.  The  pulley  B  resting  on  the  cloth, 
the  hinged  tongue  A  cannot  yet  grip  it.  As  the  chains 
gradually  diverge  the  cloth  is  drawn  more  and  more  out  of 
the  clip  until  the  selvedges  pass  from  underneath  the 
pulley  B,  which  now  falls  into  a  slot  in  the  clip  plate.  The 
clip  then  falls  on  to  the  cloth  and  holds  it  securely,  as  shown 
in  Fig.  49a.  The  clips  are  released  at  the  delivery  end  of  the 
stenter  by  a  simple  cam. 

Fig.  50  shows  the  plan  of  a  Small  Bleach  Works  for  cotton 
piecegoods,  prepared  by  Messrs.  Sir  James  Farmer  &  Sons. 

The  Bleaghino  of  Linen. 

Compared  with  cotton,  the  flax  fibre  contains  a  much  larger 
amount  of  impurities,  consisting  chiefly  of  pectic  substances, 
soluble  in  caustic  soda.  Linen  is  also  more  readily  attacked  by 
boiling  and  bleaching  agents,  and  the  bleaching  process  has, 
therefore,  to  be  considerably  prolonged. 

The  earliest  method  of  bleaching  is  the  graesing,  i,e.,  exposing 
the  material  in  the  fields  to  the  action  of  air,  light  and  moisture. 

Bleaching  without  bleaching  powder,  by  means  of  grassing  alone, 
is  now,  however,  rarely  practised,  though  the  material  is  usually 
exposed  in  the  fields  for  short  periods  during  the  bleaching 
process. 

The  old  method  of  bleaching  consists  of  about  twenty -five  dif- 
ferent operations.  The  material  is  first  treated  four  times  with 
soda  lye  and  exposed  in  the  fields  after  each  treatment.  Water 
is  usually  sprayed  on  the  linen,  from  time  to  time,  during  grass- 
ing. In  some  places,  however,  it  is  not  watered  but  allowed  to 
become  dry. 

The  first  of  the  four  treatments  is  carried  out  with  a  very  weak  lye 
and  at  a  low  temperature.  A  stronger  lye  is  used  and  the  tempera- 
ture is  gradually  raised  for  each  subsequent  treatment.  The 
fourth  hoicking  with  lye  is  followed  by  souring  with  sulphuric 
acid  for  12  hours,  and  washing.     The  goods  are  now  bowked  for 
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the  fifth  time  with  boiling  soda  l^^efor  about  8  hours.  After  this 
follow  grassing,  bowking,  grassing,  souring,  washing,  bowking, 
grassing,  souring,  washing.  The  goods  are  now  bowked  for  the 
eighth  time  and  finally  washed. 

The  so-called  brown  Holland  is  usually  obtained  by  treating 
the  linen  pieces  with  a  warm  solution  of  stannous  or  titanous 
chloride  with  the  addition  of  sulphuric  acid.  As  stated  below,  the 
greatest  care  must  be  exercised  in  finally  washing  the  linen 
absolutely  free  from  acid. 

Bleaching  of  Linen  Yaim. 

A  "  full  bleach  "  is  not  always  required  in  the  case  of  linen  yarns. 
It  is  in  some  cases  sufi&cient  to  boil  the  yarn  in  caustic  soda  lye, 
to  wash  and  to  sour  with  sulphuric  acid.  It  should  be  pointed 
out  that  the  washing  after  the  souring  of  linen  should  be  very 
thorough.  The  linen  fibre  seems  to  retain  the  acid  much  more 
strongly  than  the  cotton  fibre.  In  many  cases  it  haff  been 
found  by  far  the  safest  method  to  pass  the  linen  after  washing 
with  water  through  hot  water  containing  a  small  quantity  of 
ammonia. 

The  different  grades  of  bleaching  linen  yarn  are  :  Half  white 
or  cream,  three-quarters  white,  and  fuU  ivhite. 

Linen  yarns  lose  from  10  to  20  per  cent,  in  weight  during 
bleaching. 

A  good  white  may  be  obtained  according  to  the  following 
method : — 

1.  Boiling. — Boil  with  10  per  cent,  of  soda  ash  for  6  to  8  hours, 
or  better  with  soda  containing  20  per  cent,  of  caustic  soda.  Run 
ofif  the  lye,  and  wash,  first  with  hot  and  then  with  cold  water. 

2.  Chemicking. — Reel  the  yarn  for  about  1  hour  in  bleaching 
powder  solution  at  J|°  Tw.  The  operation  of  reeling  is  applied  to 
linen  yarn  only.  The  machine  consists  of  a  shallow  stone 
trough.  The  hanks  are  placed  on  square  wooden  rods,  which  are 
then  placed  upon  the  framework  above  the  reeling  trough. 
Each  of  the  wooden  reels  is  provided  with  a  toothed  wheel  by 
means  of  which  the  reels  are  slowly  turned.  Provision  is  made 
for  reversing  the  reels.  A  small  portion  of  the  hank  only  is 
immersed  in  the  bleaching  solution  whilst  the  remainder  is  exposed 
to  the  air.  The  bleaching  is  considerably  accelerated  by  the 
action  of  the  carbonic  acid  in  liberating  hyjjochlorous  acid. 
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8.  Washing. — The  yarn  is  now  washed,  usually  by  hand,  or, 
in  large  works,  in  washing  machines. 

4.  Sowing, — The  yarn  is  steeped  for  about  1  hour  in  sul- 
phuric acid,  1°  Tw. 

5.  Washing, 

6.  Boiling  (Scalding). — Boil  for  2  to  3  hours  with  2  to  4 
per  cent,  of  soda  ash. 

7.  Washing. 

8.  Reeling  in  bleaching  powder  solution  (as  in  2). 

9.  Washing, 

10.  Souring  with  sulphuric  acid  J°  to  1°  Tw.  The  yarn  should 
now  be  a  half  white.     It  is  finally  thoroughly  washed  and  dried. 

If  a  three-quarters  tvhite  is  required  the  yarn  is  not  dried  after 
washing,  but  boiled  again  as  in  6.  It  is  then  grassed  for  about 
a  week,  and  after  this  steeped  in  a  bleaching  powder  solution  (the 
dip)  of  about  J°  Tw  ,  after  which  it  is  again  washed,  soured  and 
washed. 

For  the  purpose  of  obtaining  a  full  whitp.  these  operations  are 
repeated  once  or  twice.  The  bleaching  powder  solutions  used  for 
the  second  and  third  dip  are  usually  much  weaker  than  those  used 
in  the  first  dip,  and  correspondingly  less  soda  ash  is  employed  in 
scalding.  The  time  of  grassing  between  the  operations  depends 
very  much  upon  the  weather. 

Linen  yarn  used  in  the  manufacture  of  fine  fabrics  should 
always  be  boiled  with  soda  before  weaving. 

Bleaching  of  Linen  Piecegoods. 

The  following  method,  practiced  in  the  North  of  Ireland,  for 
bleaching  linen  pieces  is  given  in  A  Maniuzl  of  Dyeing,  p.  129. 

The  pieces  are  first  thread-marked  with  Turkey-red  thread, 
sewn  together  end  to  end,  run  through  lime-water  so  as  to  take 
up  5  to  12  per  cent.  CaO,  and  are  then  boiled  for  8  to  12 
hours  in  low-pressure  kiers.  After  liming  they  are  washed  in 
a  rope- washing  machine.  The  pieces  are  now  separated  and  made 
up  into  bundles,  and  remain  so  through  all  the  subsequent  pro- 
cesses ;  very  light  pieces  are  bleached  throughout  in  the  rope 
form.  The  goods  are  now  washed  in  wash-mills^  similar  in  con- 
struction to  the  tvash-stocks  used  for  cotton  yarn,  allowed  to 
drain,  and  soured  in  hydrochloric  acid  at  1  J°  to  2°  Tw.  overnight, 
after  which  they  are  taken  out,  allowed  to  drain  and  again  mill- 
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washed.  Next  follow  the  lye-boils,  which  are  also  effected  in 
low-pressure  kiers ;  according  to  the  quality  of  the  cloth,  two  to 
six  boils  are  given  for  6  to  10  hours  each,  using  a  mixture  of 
1  part  caustic  soda  and  3  parts  soda  ash .  at  strengths  varying 
from  6°  to  4°  Tw.  In  winter  the  lyes  are  taken  slightly  stronger 
than  in  summer.  At  certain  stages  between  the  boils  the  goods 
are  grassed  for  two  days,  and  in  some  cases  nibbed. 

With  very  closely- woven  cloth  they  are  frequently  soured  in 
sulphuric  acid  before  the  last  boil.  As  a  general  rule  light  goods 
require  two  to  three  boils,  medium  goods  three  boils,  and  heavier 
and  closely  woven  goods  four  to  six  boils,  according  to  the  time 
of  the  year. 

After  the  lye-boils  the  goods  are  alternately  treated  with 
hypochlorite  of  soda  and  weak  soda-boils  for  three  to  five  times, 
until  sufficiently  light  in  colour.  Each  of  these  series  constitutes 
a  tuni  or  round. 

During  these  latter  stages  the  cloth  also  undergoes  the  process 
of  grassing  between  each  ttuTi,  and  in  some  cases  rubbing  before 
the  last  soda-boil. 

The  cloth  is  then  steeped  in  large  vats  or  kieves  {dipping  or 
chemtcJcing)  in  very  weak  hypochlorite  of  soda,  varying  from 
•j^  per  cent,  chlorine  for  first  dip  to  ^  per  cent,  chlorine  for  last 
dip.  After  each  dip  the  goods  are  soured  in  sulphuric  acid 
varying  from  2°  to  1°  Tw.,  and  they  are  ultimately  drawn  by  hand, 
allowed  to  drain,  and  mill- washed. 

The  lye-boils  after  the  first  dip  are  known  as  scalds ;  they  are 
carried  out  in  the  same  kiers  as  the  lye-boils,  but  only  for  8 
to  4  hours,  the  strength  of  the  lye  being  progressively  weaker 
(from  8°  to  1J°  Tw.,  for  last  scald).  From  time  to  time  the 
goods  are  turn-hanked  i.e.,  each  piece  is  re-hanked  into  a  fresh 
bundle,  so  as  to  ensure  every  part  of  the  web  being  treated  equally. 

The  rubbing  has  for  its  object  the  removal  of  small  black  specks, 
called  spnts,  and  is  carried  out  by  means  of  a  special  machine 
consisting  of  two  or  three  pairs  of  heavy  corrugated  rubbing 
boards  of  which  the  lower  ones  are  rigid  whilst  the  upper  ones 
receive  a  to-and-fro  motion  lengthwise.  The  pieces  are  usually 
first  steeped  into  a  strong  soap  solution  and  then  passed  length- 
ways between  the  rubbing  boards. 

A  number  of  other  processes  have  been  suggested  for  bleaching 
of  linen  but  the  one  described  above  is  still  chiefly  used. 
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A  process  patented  by  C.  E.  Cross  and  G,  A.  Parkes  ^  practically 
consists  of  steaming  the  goods  in  place  of  the  ordinary  boiling. 

The  goods  are  impregnated  in  the  open  width  with  a  solution, 
at  85°  to  105°  F.,  containing  If  lbs.  soft  soap,  14  lbs.  silicate  of 
soda  (specific  gravity  1*4),  IJ  lbs.  caustic  soda,  If  lbs.  mineral 
oil  of  high  boiling  point,  10  gallons  of  water. 

The  goods  are  batched  in  a  chamber  containing  steam  at 
atmospheric  pressure.  The  batch  is  then  steamed  with  dry  steam 
for  1  to  4  hours  at  a  pressure  of  4  lbs.,  and  finally  boiled  under 
pressure  with  soda  or  sodium  silicate  and  washed.  The  material 
is  now  ready  for  the  first  dip. 

Jardin  patented  the  application  of  nitric  acid,  E.  Tabari  the 
use  of  nitrous  acid  in  the  nascent  state,  C.  A.  Martin  the  addition 
of  oil  of  turpentine  to  the  soda  lye,  and  De  Keukelaere,  sodium 
sulphide  for  treating  the  linen  fibres.  Siemens  and  Halske  and 
0.  Eeferstein  suggested  the  application  of  ozonised  air  in  place 
of  the  grassing  of  linen.  Potassium  permanganate  and  hydrogen, 
or  sodium  peroxide,  may  also  be  used  as  bleaching  agents. 

The  BLEACHiKa  of   Hemp. 

Hemp  is  rarely  bleached.  The  methods  given  for  bleaching  of 
linen  may  be  applied  to  hemp«  A  special  method  given  in 
Das  Fdrben  and  Bleichen  der  Textilfasem,  by  Dr.  J.  Herzfeld, 
consists  in  steeping  hemp  threads  in  a  solution  of  10  lbs.  of 
sodium  silicate  (72°  Tw.),  in  50  gallons  of  water  for  ^  hour. 
The  hemp  is  then  boiled  in  water,  rinsed,  steeped  for  24  hours 
in  a  solution  of  10  lbs.  of  bleaching  powder  in  150  gallons  of 
water,  hydroextracted,  soured  in  hydrochloric  acid  (O'l  per  cent, 
solution),  washed,  and  finally  treated  in  a  J  per  cent,  to  1  per 
cent,  solution  of  sodium  thiosulphata  For  a  full  bleach  the 
operations  should  be  repeated  and  if  necessary  a  grassing  given 
between. 

The    Bleaching    of    Jute. 

Jute  cannot  be  bleached  to  a  perfect  white ;  the  half-bleached 
fibre  is  of  a  yellowish,  whilst  a  fully-bleached  material  is  of  a 
light  cream  colour. 

The  jute  fibre  is  more  readily  attacked  by  alkalies  and  acids 
than  other  vegetable  fibres. 

'  Journ.  Soc.  Dyers  and  Oolourists,  XVII.,  p.  38,  1901. 
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From  a  bleaching  liquor  which  is  too  strong,  or  which  contains 
free  hypochlorous  acid,  the  jute  fibre  absorbs  chlorine,  i.e.,  it 
becomes  chlorinated  and  as  a  result  weakened.  This  is  especially 
the  case  if  the  jute  has  to  be  steamed  afterwards. 

Sodium  hypochlorite  may  be  used  with  advantage  in  place  of 
bleaching  powder. 

The  following  methods  of  bleaching  jute  yarn,  as  carried  out  in 
the  Dundee  district,  are  given  in  A  Manual  of  Dyeing, 

The  hanks  are  sorted  into  bundles  of  from  6  to  8  cwts., 
suspended  on  wooden  rods,  and  immersed  in  a  tank  containing 
water  at  80^  to  100°  F.,  with  the  addition  of  120  gallons  of  a  bleach- 
ing powder  solution  at  8°  Tw. 

The  yarn  should  be  entirely  immersed  in  the  liquor  and 
moved  from  time  to  time.  After  the  hanks  have  been  immersed  for 
about  1  hour,  the  liquor  is  run  off,  the  hanks  are  allowed  to  drain 
and  they  are  then  washed,  and  soured  for  J  to  J  hour  in  another 
tank,  with  the  addition  of  1  gallon  of  sulphuric  acid,  144°  Tw. 

The  hanks  are  finally  well  washed  in  water. 

The  result  will  be  a  half  bleach;  for  a  full  bleach  the 
material  is  immersed  a  second  time  in  bleaching  powder 
solution,  using  80  gallons,  without  previous  souring. 

Another  method  consists  in  making  the  yarn  into  bundles  of 
about  10  cwts.,  which  are  usually  treated  in  three  tanks.  The 
first  tank  contains  bleaching  powder,  15  to  20  per  cent,  (cal- 
culated on  the  weight  of  material),  the  second  10  to  15  per 
cent.,  and  the  third  5  to  10  per  cent. ;  the  yarn  is  allowed  to 
remain  in  each  tank  ^  to  f  of  an  hour  at  a  temperature  of  120°  F. 
It  is  then  washed  and  soured  for  ^  hour  with  sulphuric  acid  at 
1°  Tw. ;  finally  washed  and  dried. 

A.  Busch,  Mittheilungen  des  k.k.  technologischen  Gexcerbe- 
Museums,  Wien,  1900,  recommends  the  following  method  of 
bleaching  jute : — 

1.  Steeping  of  the  jute  in  lukewarm  water  overnight. 

2.  Washing. 

8.  Boiling  for^  hour  in  a  solution  of  soda  ash,  5  lbs.  per  100 
gallons.    Wringing,  washing. 

4.  Steeping  for  10  hours  in  a  solution  of  bleaching  powder, 
at  1°  Tw.     Wring  evenly. 

5.  Souring,  J  hour  to  1  hour,  steeping  in  hydrochloric  acid 
1^  Tw.     Wringing  and  washing. 
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6.  Steeping  for  1  hour  in  a  solution  of  potassium  perman- 
ganate (2J  lbs.  per  100  gallons  of  water).  Wringing  and 
washing. 

7.  Steeping  for  J  hour  in  a  solution  of  sodium  bisulphite 
(8  gallons  of  bisulphite  at  72°  Tw.,  per  100  gallons).  Thorough 
washing. 

8.  Blueing  with  Methylene  Blue,  Methyl  Violet,  Water  Blue, 
Ultramarine,  etc. 

In  order  to  obtain  a  softer  feel  the  jute  is  finally  soaped  for  ten 
minutes  in  a  warm  solution  containing  5  lbs.  of  soap  per  100 
gallons  of  water.  The  soaping  and  blueing  may  be  carried  out 
in  the  same  bath. 

Cross  and  Bevan's  method  of  bleaching  jute  pieces  is  carried  out 
in  the  following  manner  : — 

1.  The  pieces  are  treated  for  2  hours,  at  160°  F.,  in  a  solu- 
tion containing  5  lbs.  of  sodium  silicate  per  100  gallons. 

2.  They  are  then  treated  for  2  to  2J  hours  with  a  solution 
of  sodium  hypochlorite  containing  0*7  to  1  per  cent,  of  available 
chlorine. 

8.  This  is  followed  by  a  treatment  with  hydrochloric  acid, 
J°  Tw.,  to  which  a  small  amount  of  sulphurous  acid  has  been 
added.    After  this,  the  goods  are  well  washed  and  dried. 

Another  method,  which  has  been  suggested  for  bleaching  jute, 
consists  in  treating  the  material  first  with  caustic  soda  and  then 
exposing  it  to  the  action  of  chlorine  gas.  After  the  chlorination 
the  goods  are  finally  treated  with  caustic  soda  lye,  and  washed. 

Thb    Bleaching    of    Chinagrass    (Bamie). 

The  Chinagrass  fibre  is  more  readily  attacked  by  bleaching 
agents  than  the  cotton  fibre,  but  it  is  more  resistant  than  the 
linen  fibre. 

The  material  is  usually  boiled  with  caustic  soda,  and  bleached 
with  sodium  hypochlorite,  like  cotton. 

A  process  has  been  patented  by  Maclvor  and  Chester  (Engl. 
Pat.  No.  10,424),  in  which  the  material  is  boiled  with  a  solution 
of  borax,  to  which  is  added  soap,  mineral  oil  and  oil  of  turpen- 
tine, then  treated  with  potassium  permanganate  and  hydrogen 
peroxide,  and,  finally,  with  a  solution  of  sodium  bisulphite. 
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The  Bleaching  op  Artificial  Silk. 

Artificial  silks,  especially  those  produced  from  solutions  of 
cellulose  in  ammoniacal  cupric  oxide,  in  the  manufacture  of 
which  highly  bleached  cotton  has  been  used,  usually  do  not 
require  any  further  bleaching. 

The  material  being  very  weak  in  the  wet  state,  has  to  be 
handled  with  the  greatest  care.  Whenever  possible  it  is  best  to 
steep  the  silk  in  the  bleaching  solution,  in  order  to  avoid  much 
handling.  In  bleaching  woven  goods  care  must  be  taken  to 
prevent  any  damage  being  done  by  the  squeezing  rollers. 

Sodium  hypochlorite  solution  should  be  used  in  place  of 
bleaching  powder. 


PART  V 

MERCERISING 

Mercerising  or  "Lustreing"  of  cotton  consists  in  impregnating 
the  fibres  with  concentrated  caustic  soda  lye,  either  with  or 
without  the  application  of  tension,  and  in  stretching  the  material 
before  and  during  the  removal  of  the  soda  by  means  of  washing. 

John  Mercer,  according  to  Life  and  Labours  of  John 
Mercer^  by  Parnell,  Longmans,  Green  &  Co.,  noticed,  in  1844, 
that  cotton  fibres  when  immersed  in  concentrated  soda  lye 
became  transparent,  that  they  swelled,  and  that  a  considerable 
shrinkage  took  place.  He  also  found  that  the  soda  could  be 
completely  removed  by  washing  with  water,  that  the  fibres  again 
became  more  or  less  opaque,  and  that  they  possessed  an  increased 
affinity  for  a  number  of  dyestuflfs.  Mercer  termed  cotton  which 
had  been  treated  in  this  manner  **  fulled  cotton."  J.  Hiibner^ 
drew  attention  to  the  fact  that  J.  Persoz,  in  his  Traite  de 
VImpi'eaaion,  published  in  1846,  describes  a  method  of  dyeing 
manganese  bronze,  practised  in  France,  in  which  caustic  soda  lye 
of  36°  Tw.  is  used,  and  that  this  strength  was  considered  necessary 
in  order  to  produce  contraction,  or  shrinkage  of  the  fabric. 

It  seems,  therefore,  that  the  action  of  caustic  soda  lye  upon 
cotton,  as  far  as  the  shrinkage  is  concerned,  was  known  before 
Mercer  made  his  discovery.  A  patent  for  the  process  was 
applied  for  and  granted  to  Mercer  in  1850.  Mercer  also  applied 
his  process  to  the  "  crimping  "  of  cotton  fabrics. 

Gladstone,  in  1850,  stated  that  a  definite  compound  wels  formed 
between  cellulose  and  caustic  soda,  i.e.,  (CqHioO^)^  NaOH  (soda 
cellulose),  which  readily  decomposed  with  water.  W.  Vieweg  ^  and 
Lindemann  came  to  similar  conclusions,  whilst  J.  Hiibner  and  F. 
Teltscher  ^  have  shown  that  the  existence  of  a  definite  compound 
is  doubtful,  and  that  the  amount  of  soda  held  by  the  cellulose, 

^  Joum.  Soc.  Dyera  and  Colourista,  XXVII.,  p.  126,  1911. 

*  Ber.  d,  Deutach,  Chem,  Qes.,  40,  3876, 1907,  and  41,  3269, 1908. 

«  Joum.  Soc.  Chem,  Ind„  XXVUI.,  pp.  641—644,  1909. 
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which  cannot  he  removed  hy  extraction  with  ahsolute  alcohol,  is 
much  smaller  than  that  found  by  Gladstone  and  the  other 
investigators.  They  also  found  that  the  amount  of  soda  absorbed 
by  cotton  from  soda  lyes  of  different  strengths  corresponds  with 
the  shrinkage  and  the  colour  absorption.  0.  Miller^  considers 
the  process  one  of  absorption. 

Mercer  had  already  observed,  and  other  investigators  have 
also  shown,  that  mercerised  cellulose  in  the  air-dry  condition 
contains  more  water  than  ordinary  cellulose. 

According  to  S.  H.  Higgins,*  the  amount  of  moisture  in 
mercerised  cellulose  increases  with  the  strength  of  soda  lye 
used  in  mercerising.  It  has  been  suggested  by  Cross  and  Bevan, 
and  by  others,  that  a  hydrated  cellulose  is  the  result  of  mer- 
cerisation.  C.  G.  Schwalbe^  and  H.  Ost  and  F.  WesthoflF*  have, 
however,  not  been  able  to  confirm  that  mercerised  cellulose 
actually  contains  chemically  combined  water. 

As  further  support  of  the  correctness  of  this  view,  it  might  be 
pointed  out  that  the  excess  of  water  contained  in  mercerised  cellu- 
lose cannot  only  be  removed,  and  as  a  result  the  dyeing  property 
changed,  by  drying,^  but  also  by  applying  heavy  pressure  to  the 
fabric  after  mercerisation  and  whilst  in  a  wet  state,^  by  extraction 
with  absolute  alcohol  "^  and  by  keeping  the  mercerised  cotton  for  a 
long  period  in  a  dessicator  containing  either  calcium  chloride^ 
or  phosphorus  pentoxide. 

In  1889  H.  A.  Lowe  *  discovered  that  cotton  when  mercerised 
under  tension  and  freed  from  soda,  whilst  still  in  the  stretched 
condition,  assumes  a  silk-like  lustre.  The  invention  was,  how- 
ever, not  appreciated  at  the  time,  and  Lowe  allowed  his  patent 
rights  to  lapse. 

In  1895,  Thomas  and  Prevost  discovered  a  method  for  pro- 
ducing a  permanent  lustre    on   cotton  ^^  which  was  found  to 

1  Btr.  d,  Deutsch.  Chem,  Ges.,  41,  4297,  1909. 

•  Jouni.  Soc,  Chem,  Ind.,  XXVIII.,  p.  1K8,  1909. 
»  ZeiUchr.fur  anyew,  Chem.  20,  2172,  1907. 

•  Chem.  Zeit.  33,  197,  1909. 

•  J.  F.  Copley,  Journ,  Soc,  Dyers  and  ColourisUy  XXIV.,  p.  72,  1908. 
«  J.  Iliibner.  Engl.  Pat.,  No.  12,465. 

^  J.  Iliibner  and  F.  Teltscher,  Jour»  Soc.  Chem.  Ind.,  XXVIII.,  pp.  641 — 
674,  1909. 
8  O.  Miller,  Ber.  d.  Deutsch.  CJiem.  Ues.,  1911,  5,  728. 
»  English  Patent,  No.  20,314. 
'0  German  Patent,  No.  85,564. 
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be  identical  with  Lowe's  patent.  This  patent  was  attacked 
in  various   countries  and  ultimately  annulled. 

A  considerable  number  of  patents  were  taken  out  at  the 
time  ^  with  the  intention  of  protecting  mercerising  agents,  other 
than  caustic  soda,  and  suggesting  additions  to  the  mercerising 
bath,  in  order  to  prevent  shrinkage  of  the  fibres.  The  fact 
that  the  long-stapled  Egyptian  and  Sea-Island  cottons  gave  a 
better  lustre  than  the  short-stapled  varieties,  was  also  made  the 
subject  of  a  patent.  Nearly  all  these  patents  were,  however, 
allowed  to  lapse. 

Mercer  had  already  noticed  that  effects  similar  to  those 
produced  by  caustic  soda  could  be  obtained  by  employing 
sulphuric  acid,  zinc-chloride  and  phosphoric  acid. 

E.  Knecht*  found  that  nitric  acid  of  83°  to  84°  Tw.  had  a 
similar  action,  and  J.  Hiibner  and  W.  J.  Pope  ®  discovered  that 
saturated  solutions  of  iodides,  and  particularly  of  potassium,  and 
barium-mercuric  iodide  also  produced  shrinkage  and  increased 
affinity  of  the  cotton  for  the  substantive  colouring  matters. 
The  action  of  barium-mercuric  iodide  was  found  to  be  nearly  as 
powerful  as  that  of  concentrated  caustic  soda  lye. 

Mercer  already  states  in  his  patent  that  caustic  soda  lye  of  as 
low  a  strength  as  20°  Tw.  exerts  a  distinct  effect  on  cotton. 
Hiibner  and  Pope^  made  careful  observations  as  regards  the 
dyeing  properties  and  the  shrinkage  of  cotton  treated  with 
caustic  soda  lyes  of  different  strengths,  and  they  found  that 
treatment  with  a  lye  of  as  low  as  1°  Tw.  already  had  a  considerable 
effect  in  increasing  the  affinity  of  cotton  for  colouring  matters 
and  in  producing  a  certain  degree  of  shrinkage.  Both  the 
affinity  of  cotton  for  the  direct  dyeing  dyestuffs  and  the 
shrinkage  increase  fairly  uniformly  up  to  about  18°  to  20°  Tw., 
but  at  20°  Tw.  they  increase  with  the  concentration  at  a  far 
more  rapid  rate  than  before,  and  the  greatest  shrinkage  effect 
is  obtained  when  soda  lye  of  about  45°  Tw.  is  used,  whilst  if 
the  strength  of  the  soda  lye  is  increased  above  46°  Tw.  the 
shrinkage  decreases. 

The  results  find  an  important  practical  application,  because  if 

*  See  Gardner,  Pie  Merceriaaiion  der  Baumwvlle. 

'•^  J  (mm.  8oc.  JJtjera  and  ColouriaU,  XII.,  p.  89,  1896. 
8  JouTJi,  Soc.  C'htm.  Ind.,  Vol.  XXIL,  pp.  70—77,  1903. 

*  Journ,  Soc.  Chem.  Ind,,  Vol.  XXIII.,  pp.  404—411,  1904. 
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soda  of  a  higher  degree  of  concentration,  say  60°  to  70°  Tw.  is 
used,  less  shrinkage  takes  place  during  the  actual  impregnation, 
but,  on  washing  afterwards  with  water,  the  yarn  or  fabric  tends 
to  undergo  a  further  and  considerable  contraction;  with  the 
higher  concentrations  of  soda,  therefore,  the  greatest  strain  is 
exerted  on  the  arms  of  the  yarn  mercerising  machine  or  on  the 
clips  of  the  stenter  during  the  early  stages  of  washing  with 
water.  There  is  thus  in  this  case  a  certain  tendency  for  the 
yarn  to  tear  or  for  the  cloth  to  rip,  which  would  be  avoided 
if  a  more  dilute  soda  had  been  employed. 

It  had  been  generally  assumed  that  in  order  to  produce  lustre 
on  cotton  fibres  by  mercerisation  two  factors,  i.e.,  shrinking 
and  swelling  of  the  fibres,  are  necessary.  Hiibner  and  Pope^ 
were  the  first  to  observe  that  concentrated  soda  lyes  in  addition 
produce  untwisting  of  the  naturally  twisted  ribbon-like  fibre. 
They  further  observed  that  the  natural  twist  of  the  fibre  does 
not  always  run  in  the  same  direction,  but  that  the  same  fibre 
is  generally  twisted  in  parts  to  the  right  and  in  parts  to  the 
left,  several  changes  in  the  direction  of  twist  being  noticeable 
throughout  the  length  of  a  single  fibre. 

This  change  of  twist  is  of  great  importance  in  the  production 
of  lustre  during  mercerisation. 

It  should  further  be  pointed  out  that  up  to  a  concentration 
of  about  40°  Tw.  the  swelling  action  of  the  soda  follows  the 
untwisting,  whilst  at  concentrations  greater  than  40°  Tw.  the 
reverse  is  the  case,  the  untwisting  following  the  swelling.  Since 
the  concentration  of  about  40°  Tw.  is  the  lowest  at  which  an 
effective  mercerisation  for  practical  purposes  can  be  effected,  it 
follows  that  the  production  of  a  lustre  on  cotton  is  necessarily 
connected  with  the  action  of  soda  of  such  concentration  as 
causes  the  untwisting  of  the  fibre  to  take  place,  either  after 
the  swelling  is  at  an  end,  or  simultaneously  with  the  occurrence 
of  the  swelling.  Confirmation  of  this  view  was  obtained  by 
investigating  microscopically  the  action  of  hot  caustic  soda 
solutions  on  the  fibre,  because  it  is  well  known  that  hot  soda 
is  not  nearly  so  effective  a  mercerising  agent  as  is  the  same 
concentration  of  soda  in  the  cold.  It  was  found  that  at  high 
temperatures  the  fibres  began  to  untwist  rapidly  immediately 
they  come  into  contact  with  the  hot  soda,  and  that  after  this 

'  Joum,  Soc,  Chem.  Ind,,  Vol.  XXIII.,  pp.  404—411,  1904. 
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untwisting  is  at  an  end  the  swelling  effect  sets  in,  but  not  until 
the  whole  of  the  uncoiling  is  finished. 

The  lustrous  appearance  of  cotton  mercerised  under  tension 
has  been  ascribed  to  the  fibres  having  been  subjected  to  tension 
whilst  still  elastic,  and  that  they  present  the  appearance  of  "  a 
smooth  tube."^  The  true  reason  of  the  gloss  produced  in 
mercerising  may,  however,  be  found  in  the  following  explanation. 
On  impregnation  with  caustic  soda  lye  in  a  stretched  condition, 
the  fibre  is  seen  first  to  straighten  itself  and  then  to  swell.  After 
it  has  become  rounded,  gelatinous  and  swollen,  the  untwisting 
begins  to  set  in.  If  the  fibre  is  held  at  the  two  ends,  one  part  of 
the  fibre  is  seen  to  become  twisted,  owing  to  the  untwisting  of 
some  other  part  of  the  stretched  fibre;  later,  another  part  is 
seen  to  twist,  perhaps  in  the  reverse  direction  to  the  first,  owing 
to  some  other  part  of  the  fibre  giving  up  its  natural  twist.  This 
kind  of  action  goes  on  until  the  original  and  natural  twist  of  the 
fibre  has  become  more  or  less  replaced  by  the  second  kind  of 
twist  produced  by  the  previous  unwinding.  The  fibre  mercerised 
under  tension  thus  presents  the  appearance  of  a  straight 
rod  on  which  a  series  of  pieces  of  corkscrew-like  windings  are 
visible ;  the  original  creased  or  folded  ribbon  which  constitutes 
the  raw  cotton  fibre  becomes  converted  into  a  straight  rod  of 
nearly  circular  cross-section,  which  carries  on  its  surface,  however, 
a  series  of  spiral  elevations ;  at  the  same  time  the  fibre  and  the 
surfaces  of  the  raised  ridges  are  perfectly  smooth  ;  the  rounded 
surfaces  of  the  smooth  ridges  reflect  the  light  which  falls  on 
them  from  any  direction,  and  it  is  to  the  presence  of  these  ridges, 
which  are  absent  in  the  original  fibre  or  in  the  fibre  mercerised 
loose,  that  the  increased  lustre  of  cotton  yarn  mercerised  in  the 
stretched  condition  is  due.  This  is  clearly  seen  if  a  mass  of 
fibres  which  have  been  mercerised  under  tension  is  examined 
under  a  low  magnification,  in  reflected  light.  The  lustre  or 
sheen  of  the  whole  mass  of  fibres  is  not  due  to  reflection  of 
the  light  from  the  whole  or  a  considerable  part  of  the  length 
of  the  individual  fibres,  but  is  due  to  reflection  from  a  number 
of  points  on  each  fibre,  that  is,  to  reflection  from  the  sides  of  the 
ridges  lying  spirally  on  the  surface  of  the  fibre. 

In  accordance  with  the  results  set  forth,  maximum  lustre  can, 
therefore,   only  be  produced  if  the  mercerising  agent  is  able 

*  Lange,  Fdrhtrzeitujiy,  1898,  p.  197. 
B.D.  L 
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to  produce  in  a  high  degree  swelling,  shrinking  and  untwisting 
of  the  fibres. 

It  has  been  found  that  additions  made  to  the  soda  lye,  such 
as  water-glass^  or  glycerine,*  retard  the  swelling  and  the 
shrinking  of  the  fibres,  and  that  the  lustre  obtained  is,  there- 
fore, inferior  to  that  produced  by  pure  caustic  soda  lye. 
Sulphuric  acid  acts  similarly  to  caustic  soda,  but  cannot  be 
used  in  practice.  Still  less  lustre  is  produced  by  nitric  acid, 
sodium  sulphide,  and  hydrochloric  acid,  which  agents  produce 
strong  untwisting  but  little  swelling  and  shrinking.  Practically 
no  lustre  is  produced  by  barium-mercuric  iodide,  which  produces 
strong  swelling  and  shrinking  but  does  not  untwist  the  fibres. 

It  has  also  been  shown  ^  that  when,  as  suggested  by  Vieweg,* 
salt  is  added  to  the  caustic  soda  used  in  mercerising,  the  action 
of  the  soda  is  retarded  and  maximum  lustre  cannot  be 
obtained. 

The  dyeing  properties  of  mercerised  cellulose  have  been  studied 
by  Justin  Miiller,*  W.  P.  Dreaper,  W.  SchaposchnikoflF,  and  W. 
Minajeflf,®  and  by  R.  Haller.*^  The  latter  attributes  the  increased 
affinity  of  mercerised  cotton  for  dyestuflfs  partly  to  the  fact  that 
the  cutinised  layer  which  protects  the  fibres  is  removed  by  the 
caustic  soda  lye,  and  that  the  pure  cellulose  thus  produced  is 
capable  of  taking  up  colouring  matters  more  readily. 

In  order  to  obtain  uniform  results  in  mercerising,  it  is  of  the 
utmost  importance  to  employ  the  soda  lye  at  a  certain  strength 
and  temperature. 

Special  refrigerating  plants  have  been  installed  in  many  works 
in  order  to  enable  the  soda  to  be  used  at  low  temperatures. 
Excellent  results  are  obtained  by  this  method,  but  uniformity  of 
temperature  is  of  much  greater  importance  than  the  application 
of  the  lye  at  a  very  low  temperature. 

The  time  required  for  the  caustic  soda  to  penetrate  and  to 
completely  mercerise  the  fibres  varies  considerably  with  different 

^  Meister,  Lucius  and  Briining. 
^  Farbenfabriken  vorm.,  P.  i^yer  &  Co. 
8  J.  Hiibner,  Jatim,  Soc.  Chem,  Ind.,  XXVIII.,  228,  1909. 
*  Ber.  d.  BeuUch,  Chem,  Gea.,  1908,  3269. 
«  ZeiUchr.f.  Farhen  und  Textilchemie,  3,  251,  252,  332,  1904. 
«  Zeitschr.f,  Farhen  und  Textilchemie,  4,  81—84,  1905;  15,  233—237,  16, 
262—264, 19,  309—314,  1907. 
7  Zeitschr.  /.  Farben  und  Textilchemie,  8,  125—128,  1907. 
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qualitiea  of  material ;  from  J  to  1  minute  being  in  most  caRea 
BufRcient. 

The  PRACTrcE  of  Mercerising. 

The  best  results,  aa  regards  lustre,  are  obtained  on  tbe  long- 
stapled  Egyptian  and  Sea  Island  cottons,  but  satisfactory  results  can 
also  be  obtained  on  combed  American  cottons.    In  order  to  produce 
a  high  lustre  it  is  necessary  to  employ  doubled  yarns.     The  twist 
in  single  yarns,  even  if  they  have  been  spun  from  long-stapled 
cotton,  is  not  sufficiently  strong  to  prevent  shrinkage  of  the 
fibres.    In  mercerising  cotton 
fabrics    tbe    best    results  are 
obtained  on  face  cloths,  such 
as  sateens,  or  Italian   linings. 
It    has    been    shown    by    J. 
Hiibner  *  that  the  structure  of 
the    fabric     is     considerably 
changed  during  mercerisation 
(Fig.  61),    Both  the  warp  and 
the  weft  threads  become  con- 
tracted, the  fibres  are    more 
closely  packed,  and  as  a  result 
of    this    the    fabric    becomes 
thinner,  the  interstices  between 
the  threads  are  larger,  the  warp 
threads  are  much  more  clearly 
viBible, and  th,  B»taen  bindiog      ^'ftaiw s^J^^SS^f  .to! 

IS  more  pronounced.  Mercerisation  under  tension. 

Many  attempts  have  been 
made  to  mercerise  cotton  in  the  loose  state  with  a  view  to  employ- 
ing it  in  spinning  single  yarns.  Of  the  methods  suggested,  those 
of  Lowe ;  Gros  and  Bourcart ;  Sir  W.  Mather,  Pope  and  Hiibner, 
may  be  mentioned.  None  of  these  have,  however,  found  any 
extensive  practical  application. 

Cops  and  cheeses  cannot  be  satisfactorily  mercerised. 

Mbrcbiubing  of  Cotton  Yirn  in  the  Hank. 

The   mercerising  of  cotton  yarn   in  the  hank  is,  practically 
epeaking.a  simple  operation.  The  work  is  carried  out  on  machines 

'Jottrn.Soc.  n,jert  and  CWo'inafs,  XXVII.,  p.  128,  1911. 
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n  which  the  yarn  is  stretched  over  rollers  and  washed  Avhilst  in 
the  stretched  condition. 

Other  machines,  such  as  the  one  suggested  hy  Lowe,  in  which 
the  yarn  is  stretched  between  pairs  of  rollers,  or  Ackroyd's 
machine  in  which  the  yarn  is  mercerised  in  a  doubling  frame, 
by  running  it  from  the  bobbin  through  troughs  containing  the 
caustic  soda  lye  and  stretching  between  rollers,  have  found  but 
little  application  in  practice. 

J.  K-leinewefers  Sohne  patented  a  machine  in  which  the  hanks 
are  placed  round  the  drum  of  a  centrifugal  machine  and  in  which 
the  centrifugal  force  is  utilised  in  stretching  the  yarn  during 
mercerising  and  washing. 

F.  Davies  and  Liebmann  in  1896  suggested  a  machine  in  which 
the  hanks  are  stretched  on  a  pair  of  rollers. 

H.  David  constructed  a  hank  mercerising  machine  with  the 
lower  roller  perforated.  Suction  is  applied  to  this  roll  in  order 
to  obtain  better  penetration  of  the  threads. 

In  a  machine  patented  by  B.  Cohnen  rollers  are  employed  on 
which  the  hanks  are  alternately  stretched  and  released  during 
mercerisation. 

The  A^^tomatic  Hank  Mcrceriaiiuj  Machine  of  Messrs.  C.  G. 
Haubold  jun.,  G.m.b.H.  ,  is  illustrated  in  Fig.  52. 

Each  side  of  the  machine  works  independently  of  the  other ; 
it  carries  two  pairs  of  horizontal  revolving  rollers  upon  which  the 
hanks  are  placed.  Thus,  as  shown  in  the  illustration,  whilst  the 
yarn  on  the  one  pair  of  rollers  is  held  under  tension,  during 
impregnation  with  the  soda  lye  and  during  washing,  the  other 
pair  is  in  such  a  position  as  to  allow  the  removal  of  the  mercer- 
ised hank  and  the  re-charging  of  the  rollers  with  fresh  yarn.  The 
revolving  spools  d  are  fixed,  whilst  tension  is  put  on  the  yarn  by 
means  of  the  rollers  /.  When  one  set  of  rollers  has  been  charged 
with  yarn,  tension  is  put  on  by  the  roller  /,  and  the  weighted 
squeezing  rollers  e  are  allowed  to  exert  pressure  on  the  hank. 
The  trough  //,  containing  the  caustic  soda  lye,  moves  into  position 
underneath  the  rollers  and  is  sufficiently  raised  in  order  to 
immerse  the  hank.  Whilst  the  yarn  is  being  treated  with  the 
lye,  the  rollers  slowly  revolve.  The  squeezing  rollers  e  are  now 
again  brought  into  action,  to  remove  the  excess  of  soda  from  the 
yarn,  the  trough  g  is  lowered  and  removed  and  hot  water  is 
spirted  against  the  hank  from  pipe  h.      The  first   wash- water, 
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which  coutains  a  cousiderable  amount  of  caustic  Boda,  la  taken 
away  through  a  special  pipe  and  conveyed  to  the  recovery  plant. 
Cold  water  is  uaed  for  the  final  washing.  The  yarn  ia  now  once 
more  squeezed  by  means  of  rollers  e,  and  the  tension  is  released 
by  rollers  /,  in  order  to  allow  the  removal  of  the  mercerised 
hank.  In  the  meantime  the  other  side  of  the  machine  has 
been  charged. 

The  caustic  soda  lye  circulates  continuously  through  the 
troughs,  and,  if  necessary,  it  may  be  conducted  through  a  trough 
provided  with  a  coil,  through  which  refrigerated  brine  circulates. 
The  tension  required  for  different  kinds  of  yarn  can  be  readily 


Fig.  52. — Automntic  Haok  Mercerising  Machine. 

adjusted  by  means  of  weights.    400  to  500  lbs.  of  yarn  may  be 
treated  on  one  machine  per  day.     Power  required,  3  h.p. 

The  Hank  Mercerising  Machine  invented  by  Lord  and  built  by 
Spencer  &  Sons  should  also  be  mentioned.  In  this  machine 
the  hanks  are  placed  on  two  sets  of  horizontal  arms,  nine  at  the 
top  and  the  same  number  at  the  bottom,  which  radiate  from  a 
vertical  shaft.  The  upper  arms  carry  triangular  brackets  pro- 
vided with  rollers,  by  means  of  which  tension  is  put  on  the  hanks. 
The  lower  arms  also  carry  revolving  rollers.  After  a  hank  has 
been  placed  on  the  jiair  of  rollers  which  is  in  position  for  being 
charged,  tension  is  put  on  automatically  by  means  of  triangular 
brackets  on  the  top  rollers,  and  the  vertical  shaft  with  the  arms 
now  performs  ^tli  of  a  revolution.     Caustic  soda  lye  is  sprayed 


150  BLEACHING  AND  DYEING 

on  to  tlie  yarn,  or  the  bottom  rollers  may  be  immersed  in  a 
trough  containing  the  lye.  The  operation  of  impregnating  the 
yarn  is  repeated  four  times.  The  fifth  operation  consists  in 
removing  excess  of  soda  by  squeezing  an  indiarubber  roller 
against  the  bottom  roller.  During  the  sixth,  seventh,  and  eighth 
stoppage  of  the  rollers  the  hanks  are  washed  with  hot  and  with  cold 
water,  and  when  the  roller,  at  the  ninth  stoppage,  returns  to  the 
original  position,  the  triangular  brackets  release  the  hank,  which 
is  now  removed  and  replaced  by  a  fresh  hank.  The  soda  lye  is 
circulated  by  means  of  a  centrifugal  pump. 

Mercerising  of  Cotton   Warps. 

Cotton  warps  can  be  conveniently  mercerised  in  a  machine 
resembling  the  ordinary  warp  dyeing  machine.  The  warp  is 
impregnated  with  the  soda  lye  in  the  first  two  boxes,  and  washed 
and  soured  in  the  following  boxes. 

Warp  mercerising  may  also  be  carried  out  in  the  warp 
slasher. 

Mercerising  op  Cotton  Piecegoods. 

The  stage  at  which  the  pieces  should  be  mercerised  depends 
upon  the  type  of  material  and  upon  the  eflFect  required.  The 
following  three  methods  are  chiefly  used  : — 

(1)  The  goods  are  singed,  wetted  out  in  the  mangle,  batched 
up  and  mercerised.  They  are  then  passed  into  the  kier,  without 
previously  souring,  and  boiled  with  caustic  soda  lye  of  1°  Tw. 
The  other  operations  are  carried  out  as  described  under 
"Bleaching." 

(2)  The  cloth  is  washed  once  after  the  "  first  boil,'*  scutched, 
passed  through  the  water  mangle  and  batched  upon  rollers.  It 
is  now  taken  to  the  mercerising  machine,  then  washed,  soured, 
washed  and  passed  into  the  kier  for  the  "  second  boil." 

(3)  The  cloth  is  thoroughly  washed  after  chemicking,  scutched 
and  mangled  and  afterwards  mercerised.  It  is  now  soured, 
washed  and  finished  in  the  usual  manner. 

The  machines  employed  in  mercerising  cotton  fabrics  may  be 
conveniently  divided  into  two  classes:    (1)  Machines  in  which 
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shrinkage  of  the  fabric  is  prevented  as  far  as  possible,  but  in 
which  the  fabric  cannot  be  stretched  to  the  grey  width ;  and 
(2)  machines  in  which  the  fabric  can  be  stretched  to  any  width 
desired. 

Of  the  great  number  of  machines  which  have  been  suggested 
for  the  mercerising  of  cotton  fabrics,  those  in  which  the 
fabric  is  impregnated  with  the  soda  lye  in  a  mangle  and 
afterwards  stretched  and  washed  on  a  stenter,  are  now  chiefly 
used. 

Of  the  first  type,  the  following  machines  may  be  mentioned. 
Bernhardt  suggested  winding  the  cloth  on  a  perforated  roller  and 
forcing  the  caustic  soda  lye  through  it  by  means  of  powerful  pumps. 
In  the  machine  invented  by  Schwabe,  Boral  and  Kymer,  the 
cloth  is  impregnated  in  a  mangle  from  which  it  passes  round  a 
number  of  rubber-covered  cylinders  of  large  diameter,  which  are 
pressed  against  driven  cylinders  of  smaller  diameter.  The 
cloth  which  adheres  to  the  surface  of  the  cylinders  is  thus  pre- 
vented from  shrinking.  The  washing  is  carried  out  whilst  the 
cloth  is  in  contact  with  the  surface  of  the  cylinders. 

Jeanmaire  suggested  a  machine  of  similar  construction  in 
which  the  cylinders  have  a  roughened  surface. 

In  the  machine  patented  by  Ecob,  the  transverse  shrinkage  of 
the  cloth  during  impregnation  with  the  soda  and  during  washing 
is  reduced  to  a  minimum  by  passing  the  cloth  between  a  number 
of  heavy  rollers,  each  of  which  drives  the  succeeding  one. 

Hasslacher  suggested  the  use  of  corrugated  rollers  in  order  to 
prevent  shrinkage  during  mercerising. 

In  the  Simon  mercerising  machine  the  cloth  is  impregnated 
in  a  mangle,  squeezed,  and  then  stretched  upon  two  large  drums, 
the  axles  of  which  are  not  parallel.  The  piece  is  pressed  against 
the  edge  of  the  two  drums  by  means  of  endless  chains,  padded 
with  rubber.  The  time  during  which  the  pieces  are  in  contact 
with  the  drums  is,  however,  short,  and  it  is,  therefore,  impossible 
to  entirely  prevent  shrinkage. 

As  already  stated,  the  second  type  of  machine,  consisting  of  a 
mangle  and  a  clip  stenter,  is  now  chiefly  employed  in  mercerising 
piecegoods. 

Although  there  are  works  in  which  the  cloth,  after  impreg- 
nation with  caustic  soda  lye  is  batched  and  allowed  to  lie 
for  some  time  before  it  is  passed  on  to  the  stenter,  the  more 
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common  practice  consists  in  passing  the  cloth,  after  impregna- 
tion, immediately  on  to  the  stenter.  The  results  obtained  by  the 
two  methods  are  practically  the  same. 

Figs.  63  (elevation)  and  53a  (plan)  illustrate  a  Mercerising 
liange  of  Messrs.  Mather  &  Piatt,  Ltd.,  which  is  suitable 
for  mercerising  all  classes  of  fabrics,  and  in  which  the 
cloth  may  be  treated  at  a  speed  varying  from  30  to  60  yards 
per  minute.  In  order  to  obtain  thorough  impregnation  of 
the  cloth  with  the  caustic  soda  lye,  the  machine  is  provided 
with  two  padding  mangles.  The  squeezing  bowls  of  the 
mangles  are  made  of  cast-iron  and  indiarubber  covered,  and 
pressure  is  applied  to  them  by  means  of  screws  and  levers. 
Hydraulic  pressure  may  be  used  with  advantage.  The  cloth 
passes  first  into  mangle  A,  which  has  a  trough  B  below,  contain- 
ing the  caustic  soda  lye.  The  trough  has  a  cavity  through  which 
cold  water  or  refrigerated  brine  may  be  circulated,  or  which  may 
be  supplied  with  ice  in  order  to  keep  the  mercerising  lye  at  a  low 
and  uniform  temperature.  By  means  of  iron  guide  rollers, 
which  are  placed  below  the  surface  of  the  lye,  the  cloth  is 
passed  through  the  lye,  then  squeezed,  impregnated  once  more, 
and  squeezed  a  second  time.  In  order  to  prevent  the  cloth  from 
contracting  at  this  stage  or  curling  at  the  selvedges,  it  is  now 
passed  over  a  number  of  sheet-iron  drums,  which  are  closely 
placed  together,  and  which  are  turned  by  the  cloth.  During  the 
passage  over  these  drums  time  is  given  for  the  caustic  soda  to 
thoroughly  penetrate  the  cloth. 

From  here  the  cloth  is  conducted  to  the  second  mangle  D, 
which  is  similar  in  construction  to  the  first,  and  in  which  the 
cloth  is  again  twice  impregnated  and  twice  squeezed,  thus  assur- 
ing complete  impregnation,  even  when  the  machine  is  worked  at 
the  highest  speed. 

The  impregnation  is  now  followed  by  the  stretching  and  wash- 
ing on  the  stenter  E.  Two  endless  chains  of  automatic  clips, 
narrow  at  the  entering  end  of  the  stenter,  seize  the  cloth  by  the 
selvedges  and  stretch  it  gradually  to  the  grey  width,  after  which 
the  chains  run  parallel  to  the  delivery  end.  Perforated  spirt 
pipes,  F,  G,  H,  supplied  with  the  hot  water  by  steam-driven 
pumps,  are  provided  above  and  below  the  cloth ;  by  means 
of  these  hot  water  is  showered  on  the  cloth  from  both  sides. 
In   order   to   obtain   a   wash   liquor  containing   a   fairly    high 
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percentage  of  caustic  soda,  which  may  be  either  used  directly  in 
the  boiling  kiers,  or  which  may  be  evaporated  in  multiple-eflfect 
evaporators,  the  w-ashing  is  conducted  on  the  counter-current 
principle.  The  hot  water  which  is  showered  on  the  cloth  before 
it  leaves  the  washing  cistern  K,  is  pumped  to  the  last  set  of 
spirt  pipes  H ;  it  then  runs  into  the  trough  0,  from  which  it 
is  forced  by  the  pump  P  into  the  second  set  of  spirt  pipes  G- 
The  wash  Jiquor  now  runs  into  trough  R,  from  whence  it  is 
forced  by  pump  S  to  the  first  set  of  pipes  F.  The  concentrated 
liquor  is  finally  collected  in  trough  T,  from  which  it  passes  to 
the  bleach  house  or  the  soda  recovery  plant.  Scrapers  Z,  made 
of  curved  steel  blades,  are  fixed  both  above  and  below  the  cloth, 
and  assist  in  removing  the  water  charged  with  soda  more 
effectively. 

The  cloth,  after  leaving  the  stenter  clips,  passes  next  into  the 
washing  cistern  K,  then  through  heavy  indiarubber-covered 
squeezing  bowls  into  the  cistern  V,  containing  a  weak  acid  solu- 
tion in  order  to  neutralise  any  caustic  soda  remaining  in  the 
cloth.  In  the  two  cisterns  W  and  X,  the  cloth  is  finally  washed 
free  from  acid. 

Power  required  to  drive  the  range,  18  to  20  h.p. 

Mercerising  stenters  have  been  built  in  which  the  cloth  is  first 
only  partly  stretched.  The  clips  then  run  parallel  for  a  short 
distance,  water  is  showered  on  the  cloth,  after  which  the  stenter 
chains  gradually  widen  again  until  the  cloth  is  stretched  to  the 
full  width.  They  now  run  parallel  to  the  delivery  end,  where 
the  washing  is  completed. 

A  mercerising  machine,  in  which  the  caustic  soda  is  showered 
on  the  cloth,  and  which  is  provided  with  suction  boxes  under- 
neath the  cloth,  was  suggested  by  David. 

In  mercerising  machines  in  which  the  washing  of  the  fabric  is 
conducted  on  the  counter-current  principle,  fairly  concentrated 
lyes  are  obtained,  which  may  be  used  in  the  boiling  kiers.  It  is, 
however,  now  the  practice  in  many  works  to  evaporate  the  weak 
lye  in  multiple-effect  evaporators,  and  to  causticise  afterwards 
with  lime. 

In  order  to  free  the  fabric,  as  far  as  possible,  from  soda  with 
a  minimum  quantity  of  water,  Krais  patented  a  process  in  which 
the  soda  is  removed  by  blowing  powerful  jets  of  steam  against 
the  cloth.  . 
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Finishing  of  Mercerised  Cotton. 

The  silk-like  **  scroop  "  may  be  produced  on  mercerised  cotton 
yarn,  dyed  with  the  substantive  dyestuflFs,  by  treating  the  yarn, 
after  dyeing,  with  acetic  or  tartaric  acid.  See  "Tartaric 
Acid." 

The  following  method  for  treating  (scrooping)  dyed  yarn  which 
has  not  been  boiled  and  bleached  previous  to  dyeing,  is 
recommended  by  L.  Cassella  &  Co. : — 

The  yarn,  after  dyeing  and  hydroextracting,  is  treated  for 
20  minutes  in  a  bath  at  86^  to  104°  F.,  containing 

1^  per  cent,  starch  . 

IJ  per  cent,  cocoa-butter  |  calculated  on  the  weight  of  yarn. 
J  per  cent,  tannic  acid  ; 

The  starch  is  stirred  up  with  water  in  the  usual  manner, 
boiled  up  with  the  cocoa-butter  and  added  through  a  sieve  to  the 
bath ;  the  tannic  acid  is  dissolved  separately  and  then  added. 
The  yarn  is  turned  a  few  times,  hydroextracted,  and  soaped  in  a 
lukewarm  bath  containing 

7  to  8  per  cent.  Marseilles  soap  )     i     i  i.  j       i.^         •  u^.    r 

^  ^  ,  ,  ^    calculated  on  the  weight  of  yarn. 

1  per  cent.starch  ) 

It  is  now  again  hydroextracted  and  treated  for  10  minutes  in 
a  cold  bath  containing,  per  100  gallons,  3  lbs.  tartaric  acid  and 
10  lbs.  sodium  acetate.  The  yarn  is  finally  hydroextracted  and 
dried  without  rinsing. 


Kbactions  for  the  Characterisation  of  Mercerised  Cotton. 

Although  fibres  which  have  been  thoroughly  mercerised  exhibit 
very  distinct  microscopic  characteristics,  it  is  found  to  be  exceed- 
ingly difficult  in  many  instances  to  say  with  certainty  whether 
fibres  have  been  mercerised,  if  such  fibres  are  taken  from  fabrics 
which  have  ))een  mercerised  on  an  industrial  scale.  In  many 
instances  the  individual  fibres  have  been  incompletely  penetrated 
by  the  caustic  soda  solution,  and  frequently  some  of  the  fibres 
have  not  been  mercerised  at  all.  The  strength  of  the  caustic 
soda  lye  used  has  also  a  very  considerable  influence  upon  the 
microscopic  appearance  of  the  fibres. 
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A  number  of  reactions  have  been  suggested,  of  which  the 
following  may  be  mentioned  :— 

Julius  Hiibner  ^  suggests  the  following  methods :  I.  The  pattern, 
after  having  been  freed  from  starch,  is  immersed  for  a  few  seconds 
in  the  following  solution,  along  with  a  non-mercerised  sample : 
20  grms.  iodine  dissolved  in  100  c.c.  of  a  saturated  solution  of 
potassium  iodide  in  water.  The  samples  are  now  removed  from 
the  solution.  After  washing  them  a  few  times  with  water  it  will 
be  seen  that  the  non-mercerised  cotton  becomes  white,  whilst 
the  mercerised  sample  remains  a  blueish-black  colour,  which 
only  fades  very  slowly  on  prolonged  washing. 

If  the  patterns,  after  immersion,  are  washed  in  an  aqueous 
solution  containing  2  per  cent,  of  potassium  iodide,  in  place  of 
water,  the  iodine  is  removed  from  both  samples  more  slowly. 
After  prolonged  washing  with  this  solution,  the  non-mercerised 
pattern  becomes  ultimately  white  with  a  brownish  tint,  whilst 
the  mercerised  cotton  remains  a  brownish-black,  which,  on  adding 
water,  changes  into  a  blueish-black,  whilst  the  ordinary  cotton 
becomes  quite  white.  The  black-brown  colouration  is  seen  to 
wash  out  the  more  slowly  the  stronger  the  caustic  soda  lye  with 
which  the  cotton  has  been  mercerised. 

If  coloured  samples  are  to  be  examined  either  by  this  or  by 
the  following  method,  it  is  necessary  either  to  discharge  the 
colour  by  means  of  any  of  the  well-known  agents,  or,  in  the 
case  of  light  coloured  patterns,  to  dye  the  standard  pattern 
to  approximately  the  same  shade  with  dyestuffs  similar  to 
those  which  have  been  used  in  producing  the  pattern  under 
examination. 

II.  Two  solutions  are  prepared,  one  containing  1  grm.  of  iodine 
and  20  grms.  of  potassium  iodide  in  100  c.c.  of  water,  and  another 
containing  in  300  c.c,  280  grms.  of  zinc  chloride.  Shortly  before 
using  the  reagent,  10  to  15  drops  of  the  first  solution  are  added 
to  100  c.c.  of  the  zinc  chloride  solution.  The  patterns  should 
be  wetted  out,  pressed  between  filter  paper  and  then  placed  into 
the  reagent.  Mercerised  cotton  soon  assumes  a  dark-blue  coloura- 
tion, whilst  non-mercerised  cotton  remains  white.  Cotton  which 
has  been  treated  with  soda  lye  weaker  than  that  usually  employed 
in  industrial  mercerisation,  shows  a  weaker  colouration  which  is 
approximately  proportionate  in  depth  to  the  strength  of  caustic 

1  Journ.  Soc.  Chein.  Ind.,  XXVII.,  p.  105,  1908. 
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soda  used.  By  immersing  samples  of  cotton  which  have  been 
mercerised  with  known  strengths  of  caustic  soda  together  with 
the  sample  under  examination,  it  is  possible  to  ascertain  the 
degree  of  mercerisation. 

A.  B.  Enaggs  ^  suggests  dyeing  the  patterns  with  a  weak  solu- 
tion of  Benzopurpurine  4  B.  If  a  quantity  of  hydrochloric  acid 
is  added  to  the  dyebath,  sufficient  to  change  the  red  colour  of 
the  non-mercerised  pattern  into  a  blue-black,  the  mercerised 
pattern  will  remain  red. 

*  Joum,  Soc,  Dyers  and  OolourUts,  XXIV.,  p.  112,  1908. 


PAKT  VI 

MINERAL  COLOURS 

The  mineral  colours  are  still  extensively  used.  Their  fastness 
is  remarkable,  the  cost  of  production  is  low  and  they  impart  to 
the  cotton  weight,  which  cannot  be  obtained  by  dyeing  with  the 
coal  tar  dyestuffs.  The  principal  mineral  colours  still  employed 
are : — Chrome  yellow,  chrome  orange,  chrome  green,  iron-huff, 
khaki,  Prmsian  blue,  manganese  bronze. 

Chrome  Yellow  or  Chromate  oj  Lead. 

The  following  method  of  dyeing  chrome  yellow  gives  satis- 
factory results :  A  solution  of  basic  lead  acetate  is  prepared  by 
boiling  for  4  to  5  hours  60  lbs.  litharge,  120  lbs.  brown  sugar  of 
lead  and  35  gallons  water. 

The  yarn  is  worked  in  the  basic  lead  acetate  solution,  which, 
according  to  the  depth  of  shade  required,  should  have  a  specific 
gravity  of  3°  to  8°  Tw.,  for  about  J  hour.  It  is  now  well  wrung, 
shaken,  and  passed  through  a  bath  containing  1  to  8  lbs.  of 
potassium  bichromate  in  10  gallons  of  water,  with  or  without 
the  addition  of  i  to  1  lb.  of  sulphuric  acid.  The  yarn  is  finally 
thoroughly  washed  and  dried. 

If  the  colour  has  not  been  completely  fixed  upon  the  fibres, 
cotton  yarn  dyed  with  chrome  yellow  is  liable  to  "  dust  "  when 
shaken.  In  order  to  prevent  this,  the  yarn  should  be  treated 
with  a  weak  emulsion  of  oil  before  drying. 

A  better  yellow  is  produced  by  working  according  to  the 
following  method :  The  hanks  are  turned  a  few  times  in  the 
solution  of  basic  lead  acetate,  taken  out  and  placed  into  a  dye-beck. 
The  lead  acetate  solution  is  now  poured  over  and  the  hanks  are 
allowed  to  remain  in  the  solution  overnight.  They  are  taken 
out  in  the  morning,  well  wrung  and  turned  ten  times  in  a  cold 
bath  containing  8^  lbs.  quicklime  which  has  been  carefully 
slaked  with  boiling  water. 

After  this  the  hanks  are  wrung  and  turned  four  times  in  a 
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bath  containing  5  lbs.  bichrome,  6  ozs.  alum,  and  1  lb.  sulphuric 
acid.    The  yarn  is  finally  thoroughly  rinsed,  oiled  and  dried. 

The  following  methods  of  dyeing  chrome  yellow  are  given  in 
A  Manual  of  Dyeing y  by  Knecht,  Eawson  and  Loewenthal. 

I.  Stock  Liquor. — Dissolve  boiling.  100  lbs.  brown  sugar  of  lead 
and  50  lbs.  of  litharge  in  36  gallons  of  water. 

Dyeing, — Pass  the  yarn  through  lime-water,  1J°  Tw.,  and 
wring ;  then  work  in  a  solution  of  basic  lead  acetate,  prepared 
by  diluting  the  stock  liquor  with  cold  water  to  10°  Tw.,  wring 
out  and  pass  through  another  tub  with  lime-water  1J°  Tw.  The 
lead  liquor  is  used  continuously  and  maintained  at  the  same 
strength  by  the  addition  of  fresh  stock  liquor.  The  chrome-bath 
is  prepared  with  about  6  lbs.  of  bichromate  of  soda  per  100 
gallons,  and  is  from  time  to  time  freshened  up  with  fresh 
bichromate  solution.  The  yarn  is  passed  through  the  chrome- 
bath  and  then  turned  a  few  times  in  water  (containing  1  part  of 
hydrochloric  acid  per  300  parts  of  water),  finally  washed  in  water 
and  dried. 

II.  Lemon  Yelloiv, — Prepare  a  stock  liquor  by  dissolving  100  lbs. 
of  brown  sugar  of  lead  in  80  gallons  of  water,  to  stand  at  about 
16°  Tw.  Fill  a  vat  holding  40  gallons  with  water  and  add 
3  pints  of  stock  liquor  and  1  gallon  of  caustic  soda  lye,  71°  Tw., 
turn  the  yarn  about  three  times  in  the  bath  wring  and  pass 
through  the  chrome-bath,  wring,  wash  and  dry.  The  chrome- 
bath  is  prepared  for  a  vat  of  40  gallons,  with  3  lbs.  bichromate 
of  soda  and  6  ozs.  of  sulphate  of  zinc. 

Chrome-yellow  shades  can  be  readily  matched  with  some  of 
the  coal  tar  dyestuflfs,  but  on  account  of  the  weight  which  it 
gives  to  the  yarn  the  mineral  colour  is  still  very  extensively 
employed.  Chrome  yellow  is  fast  to  light,  acids  and  soap.  The 
shade  is,  however,  turned  brownish  by  sulphuretted  hydrogen, 
and  orange  by  alkalies. 

Chrome  Orange. 

Chrome  orange  is  obtained  by  treating  chrome  yellow  rapidly 
in  an  alkaline  bath.  For  this  purpose  a  boiling  bath  of  clear 
lime-water  is  prepared.  In  this  the  yarn  dyed  with  chrome 
yellow  is  turned  very  rapidly  five  to  six  times  until  the  orange 
shade  is  fully  developed.  It  must  then  be  quickly  removed  (or 
the  colour  will  be  stripped)  and  rinsed  twice. 
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The  yarn  is  finally  treated  in  a  bath  containing  soap,  a  small 
quantity  of  soda  ash  and  cotton-seed  oil,  wrung  or  hydro- 
extracted,  without  rinsing,  and  dried.  Chrome  orange  is  fast  to 
light,  soap  and  alkalies,  but  is  turned  yellow  by  acids. 

Chrome  Green, 

The  chrome  green  produced  by  precipitating  chromium 
hydroxide  on  the  fibres  yields  a  very  light  shade  of  green  only 
and  is  not  used  in  practice. 

The  chrome  green  dyed  at  present  consists  of  a  combination  of 
indigo  blue  and  chrome  yellow.  The  material  is  first  dyed  a 
light  blue  in  the  indigo  vat  and  then  topped  with  chrome  yellow 
by  one  of  the  methods  described  above. 

Iron-Buff. 

Iron-bujQf  is  a  colour  which  has  been  used  in  very  early  times. 
The  author  found  among  the  mummy  bandages  of  two  mummies 
belonging  to  the  Xllth  dynasty  (about  2,500  b.c),  two  bandages 
which  had  been  dyed  with  this  colour.  The  considerable  amount 
of  lime  present  in  these  bandages  may  lead  to  the  suggestion 
that  the  iron  salt  had  been  precipitated  by  means  of  lime.^ 

Iron-buflf  is  still  very  extensively  used  in  cotton  dyeing.  It 
consists  of  hydrated  ferric  oxide,  which  may  be  produced  on  the 
fibre  by  one  of  the  following  methods :  — 

(1)  The  material  is  evenly  impregnated  with  a  ferrous  salt,  well 
squeezed  or  wrung,  and  then  passed  through  a  weak  solution  of 
caustic  soda,  soda  ash,  or  lime-water.  A  passage  through  a 
weak  solution  of  bleaching  powder  is  finally  given  to  completely 
oxidise  the  ferrous  hydrate.  The  goods  are  then  rinsed  and 
dried. 

(2)  Much  brighter  and  better  shades  are  obtained  if  ferric 
nitrate  is  used  in  place  of  the  ferrous  sulphate.  The  material 
is  impregnated  with  a  solution  of  ferric  nitrate  of  2  to  6°  Tw., 
thoroughly  squeezed  and  immediately  passed  through  a  solution 
of  soda,  1  to  3°  Tw.    No  further  oxidation  is  required. 

(3)  Another  method  of  producing  iron-buff  which  is  very 
largely  used  consists  in  impregnating  the  pieces  after  scouring, 
souring,  and  washing  with  a  solution  of  ferric  nitrate  which  has 
been  prepared  by  dissolving  iron-turnings  in  nitric  acid.  For 
this  purpose  the  water  mangle  may  be  conveniently  employed. 

*  Joum,  Soc.  Dyers  and  Colour ists,  XXV.,  p.  223,  1909. 
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The  pieces  are  given  two  or  three  passages  and  are  afterwards 
rinsed.     The  passage  through  an  alkaline  bath  is  not  required. 

The  depth  of  shade  varies  according  to  the  amount  of  ferric 
hydroxide  precipitated  on  the  fibre,  from  a  light  yellow,  the 
so-called  Nankin  yelloiv,  to  a  light  brown.  In  order  to  obtain 
heavy  shades,  the  dyeing  process  is  repeated. 

Iron-buflf  is  fast  to  light,  soap,  and  alkalies,  but  is  stripped  by 
acids. 

Khaki. 

Khaki  is  a  shade  of  drab  which  is  very  largely  dyed  on  heavy 
cotton  piecegoods,  such  as  "twills,"  etc.,  used  in  the  army.  It 
is  one  of  the  fastest  colours  known.  Similar  shades  may  be 
produced  by  dyeing  with  the  sulphur  dyestufifs,  by  using  sub- 
stantive cotton  dyestuffs  which  are  after-treated  with  copper  and 
chromium  salts,  by  dyeing  Alizarine  dyestufifs  on  chromium 
mordants,  and  by  the  combination  of  some  of  the  new  vat 
colours.  These  have,  however,  not  been  able  to  replace  the  real 
khaki. 

One  of  the  chief  objections  to  real  khaki  is  that  it  makes 
the  goods  very  hard  and  that  cloth  dyed  with  it  is  diflScult  to  sew 
through.  The  real  khaki  consists  of  a  mixture  of  chromic  and 
ferric  hydrates  fixed  on  the  fibre. 

Khaki  was  first  introduced  by  Gatti  of  Accrington.  The 
following  recipe  for  dyeing  khaki  is  given  in  A  Manual  of 
Dyeing : — 

The  scoured  cloth  is  passed  through  a  mixture  of  ferrous  and 
chromic  acetates,  the  latter  being  obtained  by  the  reduction 
of  bichromate  with  glucose  and  sulphuric  acid  in  the  presence 
of  acetic  acid.  Two  passages  are  given  through  the  padding 
machine ;  the  liquor  should  stand  at  36°  Tw.  The  cloth  is  now 
dried  on  wrapped  tins  and  afterwards  steamed  in  a  rapid  ager 
in  which  the  steam  and  air  are  maintained  at  a  temperature 
of  220°  F.  The  goods  are  then  passed  through  a  boiling 
solution  of  caustic  soda  and  sodium  carbonate,  standing  at 
12°  Tw.  The  proportion  of  caustic  soda  to  sodium  carbonate 
in  the  fixing  liquor  is  1:3. 

When  dyeing  khaki  the  greatest  care  must  be  taken  to  prevent 
the  cloth  from  creasing  or  folding  during  boiling,  souring  and 
dyeing,  or  uneven  and  streaky  shades  will  often  result. 
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The  scouring  and  the  souring  should  be  conducted  in  the  open 
width.  Boiling  in  a  kier  of  the  "  Jackson-Hunt "  type  is  best 
suited  for  this  purpose. 

Pitissian  Bliie. 

Prussian  blue  is  still  largely  dyed  on  wool,  whilst  in  cotton 
dyeing  it  has  been  nearly  altogether  replaced  by  the  basic  cotton 
dyestuflfs. 

One  of  the  simplest  methods  of  dyeing  Prussian  blue  consists 
in  dyeing  the  material  first  with  iron-buff.  The  colour  is 
developed  by  a  passage  through  a  cold  solution  of  potassium 
ferrocyanide  (2  parts)  which  has  been  acidified  with  sulphuric 
acid,  168°  Tw.  (1  part).  The  depth  of  the  blue  depends  upon 
the  amount  of  ferric  oxide  fixed  upon  the  fibre. 

Purple  shades  of  blue  are  obtained  by  padding  the  cloth  with 
a  solution  of  nitrate  of  iron  (5°  to  6°  Tw.)  with  the  addition  of 
2  to  8  per  cent,  of  stannous  chloride.  The  temperature  of  the 
padding  liquor  should  be  68°  to  85°  C.  The  pieces  are  then 
passed  through  a  cold  solution  of  potassium  ferrocyanide, 
4  parts,  sulphuric  acid  (168°  Tw.),  2  to  8  parts,  and  finally 
washed  and  dried. 

Prussian  blue  may  be  topped  with  logwood  extract  or  with 
Methyl  Violet,  etc. 

Prussian  blue  is  fast  to  light  and  acids,  but  it  is  readily 
decomposed  by  alkaline  and  by  boiling  soap  solutions.  It  fades 
if  exposed  to  sunlight  for  a  long  period,  but  the  colour  is  restored 
if  the  goods  are  kept  for  some  time  in  the  dark. 

Manganese  Bronze  or  Bistre. 

Manganese  bronze  is  produced  by  impregnating  the  cotton  with 
a  solution  of  manganous  chloride  (the  so-called  "  bronze  liquor,"  a 
bye-product  in  the  manufacture  of  bleaching  powder  being  generally 
used)  and  by  fixing  in  a  hot  solution  of  caustic  soda,  about  4^  Tw. 
The  caustic  soda  must  be  free  from  sodium  carbonate,  or  uneven 
shades  will  result.  In  order  to  complete  the  oxidation,  the  goods 
are  finally  passed  through  a  weak  solution  of  bleaching  powder, 
or  the  bleaching  powder  may  be  added  to  the  caustic  soda  solution. 

Fairly  heavy  shades  may  be  obtained  by  using  the  following 
method :  The  pieces  are  slop-padded  with  bronze  liquor  at 
15°  Tw.,  and  dried  in  hot  air.  They  are  then  passed  through 
caustic  soda  lye  at  16°  Tw.,  allowed  to  lie  for  about  8  hours, 

B.D.  M 
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afterwards  thoroughly  washed  and  passed  through  a  sohition 
containing  J  lb.  of  bichrome  in  100  gallons  of  water,  at  120°  P. 
The  goods  are  finally  treated  in  a  solution  of  bleaching  powder, 
1°  Tw.,  washed  and  dried. 

Considerable  difficulty  is  frequently  experienced  in  dyeing 
manganese  bronze  evenly.  The  following  methods  of  dyeing 
manganese  bronze  have  been  proposed  with  a  view  to  overcome 
this  difficulty. 

According  to  Endler  the  cloth  is  impregnated  with  manganous 
chloride,  dried  and  passed  through  a  solution  of  potassium 
bichromate  neutralised  with  ammonia.  The  colour  is  finally 
oxidised  by  a  passage  through  a  weak  bleaching  powder  solution. 

According  to  Depierre,^  the  cloth  is  padded  with  manganous 
chloride  solution  (4  lbs.  per  gallon  of  water),  dried  in  the  hot- 
flue,  passed  through  a  solution  containing  permanganate  of 
potash  and  soda  ash  (1  lb.  and  10  ozs.,  respectively,  per  gallon 
of  water)  at  115°  C. 

According  to  E.  Knecht,^  tannic  acid  is  employed  as  the  fixing 
agent.  The  cotton  impregnated  with  tannic  acid  is  passed 
through  a  solution  of  potassium  permanganate.  The  tannic 
acid  is  finally  destroyed  by  means  of  sodium  peroxide. 

The  process  is  also  recommended  for  dyeing  iron-buff  and 
Prussian  blue. 

It  is  of  interest  to  note  the  method  of  dyeing  manganese 
bronze  given  by  J.  Persoz,  in  his  Traite  de  VImpression  des 
Tissus,  1846. 

After  impregnating  the  cloth  in  a  mangle  with  the  manganous 
chloride  (25°  Tw.)  to  which  a  small  quantity  of  gum-water  is 
added,  it  is  dried  and  then  passed  through  a  hot  solution  of 
caustic  soda,  22°  to  36°  Tw. 

By  using  this  method  very  heavy  and  even  shades  may 
be  obtained  by  a  single  impregnation.  It  was  found  that  a 
treatment  with  caustic  soda  lye  of  about  22°  Tw.,  followed  by 
batching  of  the  pieces  and  allowing  them  to  lie  for  about  8 
hours  in  the  batch,  before  the  final  treatment  with  bleaching 
powder  solution,  gave  the  best  results.^ 

*  Jvurn.  Soc,  Dyers  and  Golourists,  VII.,  26,  1891. 

«  Journ,  Soc,  Dyers  and  Cdourists,  XXVI.,  266,  1910. 

'  J.  Hiibner,  Joum,  Soc!  Dyers  and  Colourists,  XXVII.,  126,  1911. 
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THE   NATURAL   COLOURING  MATTERS 

The  natural  colouring  matters,  although  still  of  considerable 
importance  to  the  cotton  dyer,  are  being  more  and  more  replaced 
by  the  artificial  dyestuffs. 

Indigo  and  logwood  are  the  chief  representatives  employed  at 
present  in  cotton  dyeing.  The  former,  however,  has  found  a 
very  serious  competitor  in  the  artificial  indigo  (synthetic  indigo), 
whilst  the  latter  is  now,  in  *  many  cases,  replaced  by  the  direct 
dyeing  cotton  dyestuflFs  and  particularly  by  the  sulphur  dyestufifs. 

Indigo} 

Indigo  is  obtained  from  the  leaves  of  the  various  species  of 
Indigofera,  chiefly  from  Indigo/era  tinctoria.  The  principal 
supply  of  indigo  is  derived  from  India  (Bengal,  Madras,  Oude), 
but  considerable  quantities  are  also  manufactured  in  Java, 
China,  Japan,  Briizil,  etc.  The  leaves  of  the  indigo  plant 
contain  a  glucoside,  named  by  Schunck  **Indican,"  which  splits 
up  into  indigo  and  sugar. 

Small  quantities  of  indigo  are  also  contained  in  other  plants, 
such  as  the  Isatis  tinctoria,  from  which  tlie  Wood  is  obtained. 
Woad  is  still  cultivated  near  Wisbeach,  in  Lincolnshire,  and  on 
the  Continent. 

Woad  is  not  used  alone  but  together  with  indigo  in  the 
wood  vat. 

The  colouring  matter  contained  in  indigo  is  the  indigo  blue 
or  indigotine.  The  dififerent  brands  of  indigo  contain,  however, 
besides  indigotine  varying  amounts  of  other  substances.  The 
mineral  impurities  consist  of  silicates,  lime  and  sand. 

The  organic  impurities  contained  in  natural  indigo,  first 
studied  by  Berzelius,  are :  Indigo  gluten,  1  to  2  per  cent. ; 
indigo  brown,  1  to  3  per  cent. ;  indigo  red,  1  to  4  per  cent.,  in 

*  For  fuller  particulars  regarding  the  application  of  indigo,  see  Indi<jo^ 
Pure,  B,  A,  8,  P.,  published  by  the  Badische  Aniliu  &  Soda  ^brik. 
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the  East  Indian  and  Guatemala  indigo,  and  sometimes  as 
much  as  15  per  cent,  in  the  Java  brands. 

It  is  frequently  stated  that  these  substances  exert  certain 
influences  in  dyeing  with  indigo  as  regards  the  shade  and  the 
fastness  of  the  dyeings.  No  satisfactory  proofs  have,  however, 
so  far  been  brought  forward  as  to  the  correctness  of  such 
statements.  On  the  other  hand,  we  have  the  researches  of 
Schwarzenberg  and  Schwartz,^  and  of  J.  E.  TuUeken,^  which 
conclusively  prove  that  these  substances  have  neither  a  beneficial 
nor  disadvantageous  action ;  they  behave  as  indi£ferent  sub* 
stances.  In  the  warm  vat,  which  is  chiefly  used  in  wool  dyeing, 
a  small  portion  of  the  indigo  red  is  converted  into  blue  and  into 
other  yellowish-brown  bodies.  This  conversion,  however,  takes 
place  to  a  much  smaller  extent  in  the  cold  rats  used  in  cotton 
dyeing.  The  redness  of  deep  indigo  dyeings  cannot  be  ascribed 
to  the  indigo  red  but  is  due  to  the  form  in  which  the  indigo 
blue  is  deposited  on  the  fibre. 

As  far  as  the  zinc-dust  rat  is  concerned,  Binz  and  Rung^ 
state  that  the  loss  of  indigo  in  the  vat  is  possibly  due  to  these 
impurities. 

Indigo  hliu%  the  dyestuff  contained  in  indigo,  is  insoluble  in 
water,  but  it  is  converted  by  reducing  agents  in  the  presence 
of  alkalies  into  a  soluble  substance,  the  Indigo  White,  Both 
the  animal  and  the  vegetable  fibres  exhibit  a  certain  affinity 
for  indigo  white ;  it  penetrates  into  the  fibres.  By  subsequent 
exposure  to  air  the  indigo  white  is  oxidised  to  indigo  blue,  which 
is  thus  fixed  in  a  more  or  less  finely  divided  state.  The  fastness 
of  the  dyeings,  therefore,  to  a  very  considerable  extent  depends 
upon  the  state  of  division  of  the  particles  upon  and  in  the  fibre. 

The  dye-liquor  which  contains  the  indigo  white  dissolved  in 
the  alkali  is  called  the  indigo  vat. 

The  principal  indigo  vats  may  be  divided  into  two  groups  : — 

(1)  The  Cold  Vats. 

(a)  The  Vitriol  or  Copperas  vat, 
(6)  The  Zinc-lime  vat, 
(c)  The  Hydrosulphite  vat. 

(2)  The  Warm  VatSy  or  Fermentation  Vats, 

^  Bulletin  de  la  Societe  Industrielle  de  Mulhovse,  X.,  1837. 

^  Bulletin  des  Kolonial- Museums  zu  Harlem^  No.  20,  April,  1899. 

'  Zeitschrift  fur  anyewandte  Ghemie,  XXII.,  o20,  1899. 
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Tlie  cold  vats  are  chiefly  employed  in  cotton  dyeing.  A 
certain  amount  of  indigo  is  invariably  lost  in  the  vat  due  to 
the  formation  of  products,  other  than  indigo  white,  and  the 
greatest  care  has,  therefore,  to  be  exercised  to  conduct  the  vats 
so  as  to  reduce  this  loss  to  a  minimum. 

The  Badische  Anilin  &  Soda  Fabrik  give  the  loss  of  indigo  in 
the  diflFerent  vats  as  follows : — 

Vitriol  vat,  25  per  cent. ;  zinc-lime  vat,  10  per  cent. ;  pure 
hydrosulphite  vat,  2  per  cent. ;  bisulphite,  zinc-dust,  caustic  soda 
vat  (especially  if  the  stock  vat  is  left  standing  for  some  time), 
20  to  30  per  cent.,  calculated  on  the  amount  of  indigo  fixed  on 
the  fibre. 

Indigo,  if  properly  applied,  is  counted  among  the  fastest 
colours.  In  heavy  and  medium  shades  it  is  very  fast  to  light. 
Light  shades,  however,  fade  after  a,  comparatively  speaking, 
short  time  of  exposure. 

Indigo  dyeings  always  "rub";  but  their  fastness  to  rubbing 
depends  very  much  upon  the  manner  of  dyeing.  Shades  which 
have  been  built  up  gradually  by  giving  several  "  dips  "  are  much 
faster  to  rubbing  than  shades  which  have  been  dyed  in  stronger  vats. 

Very  weak  solutions  of  bleaching  agents  (chloride  of  lime,  etc.), 
if  carefully  applied,  have  little  action  on  indigo-dyed  cotton, 
whilst  stronger  solutions  attack  the  colouring  matter  readily. 
One  of  the  chief  properties  of  indigo-dyed  cotton  is  that  it 
retains  its  beautiful  greenish-blue  tione  after  washing.  The 
shade  certainly  becomes  gradually  lighter  and  lighter  by  repeated 
washing,  but,  if  anything,  it  also  becomes  more  and  more 
beautiful.  Even  the  best  of  the  indigo  imitations  become  duller, 
some  redder  and  duller,  on  washing. 

Cotton  which  has  been  dyed  in  vats  prepared  with  the  addition 
of  lime  has  always  to  be  soured  and  finally  thoroughly  washed 
in  water;  washing  in  water  is,  however,  sufficient  affcer  dyeing 
in  the  hydrosulphite  vat. 

If  the  cotton  is  badly  wrung  or  squeezed  after  dyeing  in  the 
vat,  or  if  too  few  dips  have  been  given,  i.e.,  if  very  strong  vats 
have  been  used,  a  considerable  amount  of  indigo  (from  3  to 
35  per  cent.),  will  be  lost  in  the  subsequent  operations  of  souring 
and  washing.  It  is,  therefore,  necessary  to  provide  8i)ecial  tanks  in 
which  the  liquors  are  collected  and  the  indigo  allowed  to  settle  out. 

The  Badische  Anilin  &  Soda  Fabrik  have  discovered  that  very 
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beautiful  bright  reddish  shades  are  produced  on  cotton  piece- 
goods  which  have  been  prepared  with  bone  glue,  previous  to 
dyeing  in  the  vat.  For  this  purpose  the  pieces  are  treated 
with  a  solution  containing  2  to  5  parts  of  glue  per  1,000  parts 
water,  squeezed  and  dyed,  or  still  better  results  are  obtained 
it  the  goods  are  dried  after  the  impregnation  with  this  solution. 

20  to  80  per  cent,  of  glue  (calculated  on  the  weight  of  dry 
indigo  taken)  may  be  added  to  the  dye  vat,  but  care  must  be 
taken  not  to  have  an  excess  of  glue  present. 

The  indigo  vats  are  chiefly  employed  in  hank,  warp  and  piece 
dyeing.  Loose  cotton,  cops  and  cheeses  are  less  frequently  dyed 
by  this  method,  because  it  is  much  more  difScult  to  obtain 
satisfactory  results  on  these  materials.  Special  apparatus  are 
required  in  which  the  dye  liquor  is  kept  out  of  contact  with  the 
air,  as  far  as  possible. 

Loose  cotton  may  be  dyed  in  the  **  Obermaier "  apparatus, 
p.  843.  The  material  should  be  well  hydroextracted,  after 
dyeing,  and  exposed  to  the  air. 

Cops  and  Cheeses  can  be  dyed  either  in  machines  belonging 
to  **  the  packing  system,"  or  in  the  **  perforated  skewer"  type 
of  machines,  which  are  described  under  "  Cop  Dyeing." 

The  hydrosulphite-soda  vat  is  best  suited  for  this  purpose. 

Yarn  Dyeing. 

Cotton  yarn  is  usually  dyed  either  in  the  copperas  or  in  the 
zinc-lime  rat.  The  vats  are  round  or  rectangular  vessels  made 
of  wood  or  iron,  or  built  in  cement.  They  are  usually  let  into  the 
ground  to  such  a  depth  as  to  allow  the  workmen  to  handle  the  hanks 
conveniently.  Wringing  pegs  are  provided  immediately  above  the 
vats.  The  vats  usually  hold  from  150  to  225  gallons  of  liquor. 
They  are  arranged  in  such  a  manner  that  the  grey  yarn  may  be 
given  the  first  dip  in  the  weakest  vat.  From  here  it  is  then 
taken  to  the  stronger  vats.  It  is  the  usual  practice  not  to 
strengthen  the  vat,  but  to  exhaust  each  vat  as  far  as  possible. 

The  evenness  of  the  shade  depends  very  much  upon  the 
number  of  dips  given,  as  also  upon  the  thoroughness  and  care- 
fulness exercised  in  the  wringing  out  of  the  yarn. 

Tlie  vats  should  be  nearly  filled  to  the  top  in  order  to  allow 
the  yarn  to  be  immersed  in  the  liquor  as  far  as  possible. 

Further  particulars  will  be  given  under  the  different  vats. 
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Warp  DYBiNa. 

ft  r 

The  Indigo  Warp  Dyeing  Machine  illustrated  in  Fig.  54  has  been 
designed  by  W.  H.  Pennington,  and  is  built  by  J.  Jackson, 
of  Todmorden.  It  consists  of  the  cast-iron  vats,  which  are 
partly  below  the  floor,  provided  with  suitable  squeezing  rollers, 
and  with  a  cage  which  carries  the  immersion  guide  rollers, 
which  can  be  readily  lifted  out  of  the  vat.  After  passing  the 
warp  through  one  of  the  vats  the  cage  is  lifted  out  and  the 
whole  mechanism  travels  along  on  the  top  of  the  vats  to  another 
vat,  into  which  the  cage  is  lowered,  and  in  which  the  warp 
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Fig.  54. — Indigo  Warp  Dyeing  Machine. 

receives  the  second  dip.  k.  range  of  6  vats  requires  a  space  of 
about  28  feet  by  12  feet.  The  squeezing  rollers  are  about  11 
inches  in  diameter,  and  6  warps,  at  a  speed  of  from  8  to  18  yards 
per  minute,  are  usually  run  through  the  machine  at  a  time. 

The  Dyeing  of  Cotton  Piece  goods  in  the  Indigo  Vat. 

Cotton  piecegoods  are  either  stretched  on  frames  called  dipping 
frames,  by  means  of  which  they  may  be  immersed  into  a  vat, 
called  the  dipping  rat,  Figs.  55  and  55a  (Mather  &  Piatt),  or  they 
are  treated  in  continuous  dyeing  machines. 

In  the  former  kind  of  vat,  which  is  chiefly  used  for  dyeing 
heavy  goods,  the  cloth  remains  in  contact  with  the  liquor  for  a 
longer  time ;  the  fibres  are,  therefore,  better  penetrated.    When 
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the  cloth  has  been  fixed  apirall;  on  the  hooks,  the  frame  is 
lowered  into  the  vat.  After  a  few  mmutes'  immersion,  it  is 
lifted  out  and  the  indigo  is  allowed  to  oxidise.  The  frame  is 
turned  after  tivery  dip,  in  order  to  obtain  even  shades. 

Sioc  EucwnoN 


Fioa.  65,  35a. — Dipping  Frame  and  Dipping  Vat. 

Odnlinttoiis  Indigo  Piece  Dyeing  Machinct. — The  hjdrosuiphite 
imd  the  zinc-lime  vats  are  principally  employed  in  continuous 
indi>;o  piece  dyeing  machines.  Such  machines  are  much  more 
productive  than  the  dipping  vat,  and  they  are  specially  suited 
for  the  dyeing  of  light  goods. 


I. 
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Fig.  56  illustrates  an  Indigo  Dyeing  Range  with  Overhead 
Oxidising  (Messrs.  Mather  &  Piatt).  The  cloth  enters  through  a 
wetting-out  arrangement,  8  feet  long  by  2  feet  deep,  is  squeezed, 
and  then  passed  into  the  first  vat,  which  consists  of  a  cast-iron 
cistern,  7  feet  long  by  5  feet  deep.  After  having  passed  over  a 
number  of  guide  rollers,  the  material  is  conducted  through  a  scroll 
arrangement,  in  order  to  keep  it  free  from  creases,  and  then 
through  the  squeezing  rollers.  These  are  usually  12  inches  in 
diameter,  the  bottom  one  being  made  of  iron,  the  top  one  covered 
with  indiarubber.  In  connection  with  each  cistern  are  a  number 
of  overhead  rollers,  over  which  the  cloth  passes  after  it  has  been 
squeezed  in  order  to  allow  complete  oxidation  to  take  place. 
The  cloth  now  enters  into  the  second  vat,  which  is  similar 
in  construction  to  the  one  described.  A  mechanical  stirrer 
is  provided  in  each  vat,  below  the  guide  rollers.  Power 
required  to  drive  the  range  :  about  7   h.p. 

Indigo  Dyeing  Range  with  Creeper  Oxidising  (Fi^^s.  67  and  57a) 
(Messrs.  Mather  &  Piatt). — For  dyeing  dark  shades  the  plant  com- 
prises a  range  of  four  vats,  each  5  feet  deep  by  7  feet  long,  and 
settling  tanks.  The  cloth  passes  through  the  vats  in  a  continuous 
manner.  It  is  conducted  round  the  guide  rollers  of  the  cages  A, 
then  squeezed  by  the  rollers  B.  It  is  then  laid  bj'  the  wince  C  in 
loose  folds  upon  the  slowly-travelling  endless  apron  D,  where  it 
is  exposed  to  the  atmosphere  for  a  sufficient  length  of  time  in 
order  to  completely  oxidise  the  indigo  taken  up  from  the  former 
vat,  before  it  enters  the  next  vat.  One  of  the  chief  advantages 
of  this  method  of  oxidising  is  that  it  avoids  any  undue  tension  on 
the  cloth,  as  a  result  of  which  curled  selvedges  or  creases  are 
produced,  which  frequently  result  in  streaky  dj^eing.  A  settling 
cistern  E  is  in  connection  with  each  vat,  and  this  is  provided 
with  a  small  hand-pump  F,  the  suction  pipe  of  which  goes  to 
the  bottom  of  the  dye  vat.  By  means  of  this  arrangement  the 
deposit  formed  in  the  vat  can  be  regularly  removed,  and  thus  the 
dye-liquor  be  kept  perfectly  clear. 

When  the  work  of  dyeing  is  finished  for  the  day,  the  liquor 
in  each  vat  is  agitated  for  a  few  minutes  by  means  of  the 
mechanically  driven  agitators  G.  The  vat  is  then  allowed  to 
rest  until  the  morning.  The  clear  liquor  from  the  settling 
cisterns,  which  have  been  filled  by  means  of  the  hand-pump 
the   previous   morning,  is   then   run   back  into   the   dye   vats. 
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through  an  outlet  pipe,  fixed  about  half-way  in  the  depth  of  the 
cistern. 

The  sediment  which  has  settled  in  the  vats  during  the  night  is 
thus  retained,  and  is  pumped,  by  means  of  the  hand-pumps, 
into  the  settling  tanks,  and  allowed  to  stand  in  them  for  24 
hours,  when  the  clear  liquor  is  run  back  again,  the  solid 
deposit  being  retained  as  before.  When  the  sediment  has 
accumulated  in  the  settling  cisterns  until  it  nearly  reaches  the 
level  of  the  outlet  pipe  to  the  vat,  which  may  take  a  month  or 
more,  it  is  treated  with  reducing  agents,  in  order  to  extract  all 
the  indigo  which  it  contains,  and  it  is  then  run  back  into  the 
vats.  The  residue  is  ultimately  removed  by  means  of  a  large 
outlet  valve  in  the  bottom  of  each  cistern.  Two  pieces  of  cloth, 
back  to  back,  may  be  dyed  at  the  same  time.  A  smaller  number 
of  vats  is  required  for  dyeing  light  shades. 

The  illustration  shows  a  complete  Souringy  Washing-off  and 
Drying  Range,  in  connection  with  the  indigo  dyeing  range.  It 
consists  of  a  range  of  five  tanks,  each  8  feet  6  inches  long  by 
4  feet  deep.  The  first  tank,  which  contains  the  souring  liquor, 
is  made  of  wood  and  preferably  lined  with  lead,  and  the  four 
washing  cisterns  are  provided  with  beaters  as  used  in  the  open 
soaper.  The  cloth  passes  finally  on  to  a  drying  range,  with 
12  to  20  cylinders,  which  may  be  of  the  upright  type  in  order  to 
save  space.  About  10  h.p.  is  required  to  drive  the  complete 
range. 

In  dyeing  indigo  it  is  of  considerable  importance  to  correctly 
adjust  the  amount  of  alkali  present  in  the  vat.  An  excess  of 
alkali  prevents  the  indigo  from  going  on  to  the  cotton,  and  it 
often  produces  uneven  shades,  whilst  duller  shades  may  result 
from  shortness  of  alkali. 

For  further  information  as  regards  indigo  dyeing  see  under 
"  Vat  Dyestuffs,"  p.  284. 

Logwood  or  Campcachy  Wood. 

Logwood  is  the  wood  of  a  West  Indian  and  Mexican  tree, 
known  botanically  as  ILcmatoxylon  campechianiun.  The  fresh 
wood  contains  a  glucoside,  which,  when  it  decomposes,  forms 
hcematoxylin. 

The  colouring  matter  of  the  logwood  is  known  as  hcentateiUf 
which  is  formed  by  the  oxidation  of  haematoxylin. 
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In  order  to  decompose  the  glucoside  and  to  convert  the 
haematoxylin  into  hsBmatein  the  wood  is  either  chipped  or 
rasped,  moistened  with  water  and  placed  in  heaps.  The  tempera- 
ture in  these  heaps  rises  considerably,  and  it  is,  therefore, 
necessary  to  frequently  turn  the  wood  in  order  to  avoid  excessive 
fermentation  and  consequent  destruction  of  the  colouring  matter. 
The  process  is  called  the  maturing  or  ageing  of  logwood. 

Aged  logwood  should  be  of  a  red-brown  or  crimson  colour.  It 
frequently  contains  more  or  less  of  the  unconverted  hsematoxylin. 

Logwood  Extract. — Logwood  extracts  are  obtained  by  extracting 
the  fresh  wood,  either  under  pressure  or  without  pressure.  The 
extracts  are  sold  in  the  liquid,  or  in  the  solid  form.  Extracts 
which  have  been  specially  oxidised  contain  chiefly  htematein 
whilst  the  ordinary  brands  contain  chiefly  hematoxylin.  The 
cheaper  kinds  are  sometimes  adulterated  with  molasses  or  with 
chestnut  extract. 

For  certain  shades  the  chipped  or  the  rasped  wood  is  preferred 
by  dyers,  because  it  produces  richer  and  more  brilliant  blacks 
than  can  be  obtained  with  the  extracts. 

Formerly  logwood,  with  the  addition  of  sulphate  or  acetate  of 
copper,  was  used  in  dyeing  heavy  blues.  The  shades  are,  how- 
ever, very  fugitive. 

Violet  shades  may  be  produced  on  cotton  by  dyeing  with 
logwood  on  a  stannous  chloride  mordant.  The  material  is 
impregnated  with  a  solution  of  stannous  chloride,  1^°  to  2J° 
Tw.,  passed  through  a  solution  of  sodium  carbonate,  washed  and 
dyed  in  logwood. 

The  chief  application  of  logwood  is  in  the  dyeing  of  greys 
and  blacks. 

The  colouring  matter  is  extracted  either  from  the  chips  or  from 
the  rasped  wood,  by  placing  them  into  bags  which  are  suspended 
in  the  boiling  water  in  the  dye-vessel.  After  two  or  three 
extractions  the  wood  is  practically  free  from  colouring  matter. 

A  better  method  consists  in  boiling  the  wood  in  special  boilers 
under  pressure.  About  160  lbs.  of  logwood  chips  are  placed  into 
a  small  kier  and  boiled  three  times  with  about  150  gallons  of  water 
at  about  15  lbs.  pressure. 

The  chief  mordants  used  in  black  dyeing  with  logwood  are 
iron  salts.  Aluminium  salts,  used  in  conjunction  with  iron  salts, 
give  blacks  which  are  more  violet  in  shade. 
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The  Dyeing  of  Logwood  Black, — The  following  methods  of 
dyeing  logwood  black  on  cotton  are  in  use : — 

Method  (1). — Cotton  pieces  are  padded  in  the  mangle  with  a 
solution  of  pyrolignite  of  iron  (5°  to  6°  Tw.),  dried,  passed  through 
Hme-water,  rinsed  and  dyed  in  a  bath  containing  logwood  and  a 
small  quantity  of  fustic  extract.  It  is  essential  to  use  pyroHgnite 
of  iron  which  is  free  from  sulphuric  acid,  or  else  the  goods  will 
be  tendered.  This  method  is  also  largely  used  for  dyeing  union 
goods  (cotton  warp  and  linen  weft). 

Method  (2). — The  cotton  is  first  impregnated,  preferably  by 
steeping,  with  a  solution  of  pyrolignite  or  nitrate  of  iron, 
which  is  afterwards  fixed  with  soda  ash  or  with  Hme-water. 
Iron-buff  is  formed  on  the  fibres.  The  material  is  then  dyed  in 
logwood. 

Method  (3). — The  cotton  is  steeped  overnight  in  a  tannin  bath. 
Sumach,  nut-galls,  myrabolans,  etc.,  may  be  used  for  tliis 
purpose.  This  is  followed  in  the  morning  by  a  passage  through 
an  iron  mordant,  preferably  pyroHgnite,  or  nitrate  of  iron,  then 
by  a  treatment  with  milk  of  lime  or  chalk.  The  goods  are  finally 
dyed  in  logwood. 

In  some  cases  the  cotton  is  treated  with  lime  or  chalk  imme- 
diately after  the  steeping  in  the  tannin  liquor. 

Method  (4). — A  so-called  chrome  black  is  produced  by  entering 
the  cotton  into  a  boiling  bath  containing  10  to  15  per  cent,  of 
logwood  extract,  working  it  for  some  time  and  steeping  overnight. 
After  wringing  the  cotton  is  worked  for  half  an  hour  in  a  cold 
bath  containing  8  to  4  per  cent,  of  bichrome  and  3  to  4  per  cent, 
of  copper  sulphate.  It  is  then  taken  back  to  the  logwood  bath 
(with  or  without  the  addition  of  a  further  quantity  of  logwood 
extract),  to  which  about  3  per  cent,  of  soda  ash  has  been  added. 
If  necessary  the  black  may  be  **  saddened "  by  adding  some 
ferrous  sulphate. 

Method  (5). — Equal  parts  of  pyroh'gnite  of  iron  and  of 
aluminium  acetate  (5°  Tw.),  may  be  used  together  as  a  mordant. 
Arsenate  of  soda  or  sodium  phosphate  should  be  employed  for 
fixing  this  mordant. 

Method  (6). — Catechu  may  be  used  as  a  mordant  in  place  of 
sumach  in  dyeing  logwood  blacks.  The  cotton  should  be  entered 
into  the  boiling  catechu  bath,  steeped  overnight  and  then  fixed  in 
a  boiling  solution  of  potassium  or  sodium  bichromate.  This  should 
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be  followed  by  a  treatment  with  pyrolignite  of  iron  and  finally 

by  dyeing  with  logwood. 

Method  (7). — M.  Schutzenberger^  gives  the  following  method  for 

dyeing  a  chrome   black  in   a  single  bath  : — Dissolve  3*3  lbs.  of 

bichromate  of  potash  in  a    small  quantity  of  water,  mix   the 

solution  with  100  gallons  of  logwood  decoction  at  3°  Tw.,  and  add 

7*7  lbs.,  hydrochloric  acid,  34^  Tw.     The  cotton  is  introduced 
into  the  cold  solution,  and  the  temperature  is  very  gradually 

raised  to  boiling  point.     The  cotton  acquires  at  first  a  deep 

indigo-blue  shade,  which  changes  to  a  blue-black  on  washing 

with  a  calcareous  water. 

A  slight  modification  of  this  process  consists  in  working  the 
cotton  in  a  solution  containing  at  first  only  the  bichromate  of 
potash  and  hydrochloric  acid,  and  adding  the  decoction  of  log- 
wood to  the  dye-bath  in  small  portions  from  time  to  time, 
gradually  raising  the  temperature  as  before. 

Method  (8).— Logwood  black  may  also  be  dyed  in  one  bath, 
according  to  ftie  following  method :  15  to  20  per  cent,  logwood 
extract,  5  per  cent,  copper  acetate,  or  4  per  cent,  copper  sulphate, 
and  4  per  cent,  soda  ash.  Enter  the  cotton  into  the  cold  dye-bath, 
and  raise  the  temperature  gradually  to  about  160°  F. 

Method  (9). — Very  good  blue-blacks  are  produced  by  dyeing 
logwood  black  on  cotton  which  has  been  first  dyed  blue  in  the 
indigo  vat.  The  following  is  a  special  method,  according  to  the 
Deutsche  Fdrherzeitung. 

The  cotton  yarn  is  boiled  out  in  a  solution  of  sodium  silicate, 
rinsed,  dyed  a  light  blue  shade  in  the  indigo  vat,  soured  with 
sulphuric  acid  and  rinsed.  It  is  then  dyed  with  15  per  cent,  of 
logwood  extract  and  1 J  per  cent,  of  copper  sulphate,  at  a  tempera- 
ture of  122°  F.  Lift  the  yarn  and  allow  to  age  in  the  air,  wring 
and  dry  in  a  fairly  hot  stove.  The  colour  is  finally  developed  in 
a  hot  bath  containing  3  per  cent,  of  potassium  bichromate.  The 
yarn  is  now  thoroughly  rinsed,  passed  through  a  solution  of 
Turkey-red  oil  and  dried. 

Cotton  piecegoods  are  frequently  dyed  logwood  black  on 
continuous  dyeing  machines,  similar  to  those  which  are  used 
in  dyeing  the  sulphur  dyestuffs. 

The  method  resembles  that  given  below  for  the  continuous 
dyeing  of  cotton  warps. 

^  Traits  des  Matih'ee  Color  antes. 
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Black  on  160  lbs.  of  Loose  Cotton. — A  ver-y  beautiful  black 
may  be  dyed  in  the  following  manner : — Prepare  the  first  bath 
by  boiling  out  10  lbs.  of  fustic  chips,  10  lbs.  catechu,  2J  lbs.  copper 
sulphate.  Enter  the  cotton  into  the  boiling  bath,  boil  for  1 
hour,  steep  overnight.  Take  out  in  the  morning  and  hydro- 
extract.  Prepare  a  fresh  bath  with : — 5  lbs.  potassium  bichro- 
mate, 5  lbs.  copper  sulphate.  Enter  the  cotton  at  the  boil  and 
work  for  2  hours.  Take  out,  allow  to  drain,  wash  thoroughly, 
hydroextract  and  open  the  cotton  well  out. 

The  dye-bath  is  prepared  by  boiling  out  70  lbs.  logwood  chips  and 
6  lbs.  fustic  chips  ;  then  add  IJ  lbs.  copper  sulphate.  Enter  the 
cotton  at  the  boil,  work  it  well  for  2  to  3  hours,  until  the  shade 
required  has  been  obtained. 

Black  on  150  lbs.  of  Loose  Cotton. — 25  lbs.  sumach  leaves,  15  lbs. 
catechu,  25  lbs.  logw^ood  chips.  The  catechu  is  dissolved  in  boil- 
ing water,  the  sumach  and  the  logwood  are  filled  into  bags,  w^hich 
are  suspended  in  the  boiling  dye-bath.  Then  add  the  catechu 
solution  and  5  lbs.  copper  sulphate,  enter  the  cotton,  boil  slightly 
for  1  hour,  allow  to  remain  in  the  bath  overnight.  Next  morn- 
ing lift  the  cotton  out,  boil  50  lbs.  of  logwood  chips  in  the  liquor, 
and  add  7  lbs.  of  soda  ash  and  5  lbs.  copper  sulphate.  Enter  the 
cotton,  allow-  to  simmer  for  about  half  an  hour,  and  leave  the  cotton 
in  the  bath  from  6  to  8  hours.  Then  lift  out,  wash  and  dry, 
If  fustic  chips  are  used  in  place  of  the  sumach,  a  somewhat 
duller  black  is  obtained. 

Logwood  Black  on  300  lbs.  of  Cotton  Yaiii. — Prepare  the  bath 
with  : — 20  lbs.  sumach  extract,  7  lbs.  logwood  extract,  8  lbs.  fustic 
extract.  Enter  the  yarn  at  185°  F.,  turn  a  few  times  and  steep 
overnight.  In  the  morning  lay  up  and  allow  to  drain.  Then 
give  5  turns  in  a  cold  bath  containing  25  lbs.  ferrous  sulphate  and 
9  lbs.  chalk ;  wring  out  and  treat  for  half  an  hour  in  the  old  sumach 
bath,  wring  and  turn  5  times  in  a  cold  bath  containing  7J  lbs. 
potassium  bichromate ;  steep  for  half  an  hour,  lift  out,  allow  to 
drain,  and  dye  1  to  IJ  hours  with  15  lbs.  of  logwood  extract,  the 
decoction  of  10  lbs.  of  logwood  chips  and  1 J  lbs.  soda  ash  ;  lay  up, 
add  5  lbs.  ferrous  sulphate  to  the  bath,  turn  5 •times,  wash 
ifhoroughly,  and  oil  with  an  emulsion  of  9  lbs.  cotton-seed  oil 
and  J  lb.  soap.    Wring  or  hydroextract,  and  dry. 

Logwood  Black  on  Cotton  Warps. — The  warps  are  boiled  in  a 
two-box  machine  with  extract  of  myrabolans.    This  is  followed 
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by  a  passage  through  a  three-box  machine,  the  first  2  boxes 
containing  lime-water,  the  3rd  box  a  solution  of  ferrous 
sulphate.     The  warps  are  now  allowed  to  lie  for  some  time. 

The  dyeing  machine,  which  resembles  an  ordinary  warp 
dyeing  machine  (Fig.  85,  p.  864),  consists  of  8  boxes,  total 
length  from  85-40  feet.  The  1st,  7th  and  8th  box  are  each 
about  5  feet,  the  other  boxes  each  about  4  feet  in  length. 

Lime-water  is  continuously  supplied  into  box  1,  whilst  the 
boxes  2,  8,  4,  5  and  6  contain  a  solution  of  log\^^ood  extract. 

Whilst  the  dyeing  operation  is  proceeding,  "  hematine  "  solu- 
tion is  continuously  supplied  into  box  6  only.  From  here  the 
liquor  passes  by  means  of  suitably  placed  overflow  pipes  into 
box  5,  then  into  box  4,  then  into  8,  and  finally  into  box  2.  In 
this  box  the  nearly  exhausted  logwood  liquor  meets  the  freshly 
mordanted  warp. 

Nearly  all  the  dyestuflf  is  absorbed  by  the  cotton,  and  the 
exhausted  liquor  is  conducted  away  through  an  overflow  pipe. 
From  box  6  the  warp,  after  having  been  squeezed,  passes  into 
box  7,  which  contains  a  weak  solution  of  ferrous  sulphate.  In 
the  8th  box  the  warp  is  finally  rinsed  in  running  water. 

The  warp  may  be  dyed  in  **  one  run  "  if  a  machine  about  80  feet 
in  length  is  used,  consisting  of  10  boxes,  each  of  which  should 
be  about  8  feet  in  length.  The  quantities  required  to  dye 
1,000  lbs.  of  warps  are  approximately : — 40  lbs.  logwood  extract 
(hematine),  25 lbs.  ferrous  sulphate,  120  lbs.  extract  of  myrabolans, 
66  lbs.  quicklime. 

Logwood  Black  on  Cotton  Piecegoods, — In  place  of  mordanting 
the  cloth  with  iron  liquor  alone,  which  is  apt  to  produce 
**  bronzy  "  shades,  a  mixture  of  iron  liquor  and  '*  red  liquor  '*  is 
frequently  used.  The  cloth  is  passed  through  the  mordant  in 
a  slop-padding  machine  and  immediately  run  over  the  drying 
cylinders. 

Preparation  of  the  Padding  Liquor : — 6  gallons  of  iron  liquor  at 
81°  Tw.,  8  gallons  of  red  liquor  at  16°  Tw.,  and  about  27  gallons 
of  water.  The  specific  gravity  of  the  solution  should  be  about 
6°Tw. 

The  pressure  on  the  bowls  of  the  padding  machine  should 
be  regulated  so  that  a  piece  of  79  yards  in  length  and 
24}  inches  in  width,  weight  about  18  lbs.,  will  take  up  about  2 
gallons  of  this  mordant.     After  drying,  the  pieces  are  aged  in  the 
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Mather-Plafct  and  fixed  in  an  open  soaper.  Various  fixing  agents 
may  be  used ;  good  results  are  obtained  by  fixing  in  a  solution  con- 
taining about  3  ozs.  of  sodium  binarsenate  and  1^  ozs.  of  sodium 
phosphate,  per  gallon,  with  the  addition  of  a  small  quantity  of 
chalk.  The  pieces  are  passed  through  this  solution  in  the  first 
compartment  of  the  open  soaper  at  a  temperature  of  about  70°  C. 
After  this  the  goods  are  first  washed  in  boiling  and  then  in  cold 
water.  If  a  large  number  of  pieces  be  passed  continuously 
through  the  machine,  it  is  advisable  to  prepare  a  stock  solution 
which  is  added  from  time  to  time  in  order  to  keep  up  the 
strength  of  the  fixing  bath.  The  pieces  are  dyed  in  rope  form 
in  the  dye-beck,  A  small  quantity  of  chalk  is  first  added  to  the 
water  in  the  dye-beck,  and  after  this  the  requisite  quantity  of 
colouring  matter.  For  70  lbs.  of  cloth,  5  lbs.  of  logwood  extract 
and  J  to  fib.  of  fustic  extract  (or  quercitron  extract)  will  be 
required.  The  pieces  are  entered  into  the  cold  bath ;  the 
temperature  is  then  raised  within  half  an  hour  to  the  boil,  at 
which  temperature  the  dyeing  is  continued  for  half  an  hour. 
The  goods  are  now  washed  and,  if  necessary,  passed  through  a 
bath  at  about  60°  C,  containing  about  J  per  cent,  of  potassium 
or  sodium  bichromate.     They  are  finally  washed  and  dried. 

Ftistic,  Yellow  Wood  or  Old  Fustic. 

Fustic  is  the  wood  of  a  tree  belonging  to  the  Urticacece,  known 
as  Morm  tinctoria,  Superior  qualities  are  obtained  from  Cuba 
and  Tampico,  The  colouring  matter  of  fustic  contains,  according 
to  Wagner,  viorintannic  acid  and  moric  acid.  The  wood  is  sold 
either  as  chips  or  raspings,  or  in  the  form  of  liquid  or  solid  extract. 

Fustic  was  formerly  largely  employed  in  dyeing  yellow  shades. 
It  is  now  chiefly  used  for  the  purpose  of  shading  logwood  blacks 
and  in  conjunction  with  catechu  for  browns. 

Dyed  on  tin  and  aluminium  mordants,  fustic  produces  yellows  ; 
on  iron  and  copper  mordants,  yellow-olive  shades ;  on  chromium 
mordants  brownish -yellow  shades. 

Greens  may  be  obtained  by  dyeing  cotton  in  the  indigo  vat, 
mordanting  with  aluminium  acetate,  fixing  with  sodium  silicate, 
and  finally  dyeing  with  either  fustic,  quercitron  bark,  or  weld. 

Fustic  is  sometimes  used  for  shading  Aniline  blacks. 

Young  Fustic  or  Fustet. 

Young  fustic  is  the  wood  of  the  tree  RJuis  cotimis. 
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It  gives  shades  similar  to  those  produced  with  quercitron  bark 
and  Persian  berries.  The  shades  are,  however,  very  fugitive,  and, 
therefore,  little  used. 

Quercitron  Bark. 

Quercitron  bark  is  the  inner  bark  of  a  species  of  oak,  Qiiercus 
nigra  ^or  Quercus  tinctona,  which  grows  chiefly  in  Pennsylvania  and 
in  North  and  South  Carolina.  The  colouring  matters  contained 
in  quercitron  bark  are  quercitrin  and  quercetin. 

The  shades  obtained  by  dyeing  with  a  decoction  of  the  bark 
are  similar  to  those  obtained  with  fustic. 

Quercitron  bark  is  sold  as  extract  or  in  the  form  of  powder. 

Flavin  y  which  gives  stronger  and  brighter  shades,  is  a  prepara- 
tion of  quercitron  bark. 

Weld. 

Weld  is  a  kind  of  mignonette,  Reseda  luteola,  which  is  cultivated 
in  France  and  in  other  European  countries.  The  colouring  matter 
of  the  weld  is  luteolin.  Shades  obtained  by  dyeing  weld  on 
different  mordants  resemble  those  produced  with  fustic  and 
with  quercitron  bark. 

Turmeric  or  Indian  Saffron. 

Turmeric  is  the  root  of  the  Curcuma  tinctoria,  which  grows  in 
China  and  in  the  East  Indies.  The  colouring  matter  contained 
in  turmeric,  carcumin,  is  readily  soluble  in  alkaline  solutions,  but 
only  slightly  soluble  in  water.  Cotton  and  other  vegetable  fibres 
may  be  dyed  direct  or  with  the  addition  of  a  small  quantity  of 
sulphuric  acid  or  alum.  Brilliant  yellow  shades,  very  fugitive 
to  light  and  turning  brown  with  soap  and  alkalies,  may  be 
obtained  by  dyeing  with  turmeric. 

Persian  Bemes. 

Persian  berries  are  the  dried  unripe  fruit  of  liluunnus,  a  shrub 
which  grows  in  the  East  and  in  Southern  Europe.  The  yellows 
produced  by  Persian  berries  are  redder  than  fustic  or  quercitron 
bark  shades. 

•The  colouring  matter  is  chiefly  used  in  calico  printing. 

Safflawcr  or  Bastard  Saffron. 

Safflower  consists  of  the  flower  of  Carthamus  tinctoria.  It 
contains  two  colouring  matters,  a  yellow  which  is  readily  soluble 
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in  water  and  a  red  which  is  insoluble.  Previous  to  the  introduc- 
tion of  the  coal-tar  dyestuffs,  the  red  colouring  matter  of  the 
safflower  had  been  used  extensively  in  Europe  in  cotton  dyeing. 

The  author'  found  that  the  yellow  colouring  matter  of  the 
safflower  had  been  used  in  the  dyeing  of  mummy  cloths  of  two 
mummies  which  belonged  to  the  Xllth.  dynasty,  about  2,600  b.c. 

Red  Wood, — Brazil  Wood, — Sapan  Wood, — Lima  Wood  or  Per^ 
nambuco  Wood. 

■ 

These  woods  are  known  as  soluble  red  woods,  because  the 
colouring  matter,  brasiliu,  which  they  contain  in  the  form  of  a 
glucoside,  is  readily  soluble  in  water.  The  woods  belong  to  the 
various  species  of  the  genus  Ccesaljuna  which  grow  in  Brazil, 
Mexico,  Peru  and  the  East  Indies.  The  red  woods  are  sold  in 
the  form  of  chips,  raspings,  or  extracts.  Dyed  on  aluminium 
mordants  they  give  dull  bluish-red  shades;  on  tin  mordants 
scarlet  shades,  which  are  very  fugitive. 

Barwood,  —  Camwood,  —  Sandal  Wood,  —  Saunders  Wood  or 
Oaban  Wood. 

These  woods  belong  to  the  class  of  insoluble  red  wood^,  because 
the  colouring  matter  which  tliey  contain  is  practically  insoluble 
in  water.  They  are  used  in  the  form  of  raspings.  Imitations 
of  Turkey-red  were  formerly  obtained  by  dyeing  barwood  on  a  tin 
mordant. 

Barwood  shades  are  faster  than  shades  obtained  by  dyeing 
with  the  soluble  red  woods. 

Madder. 

Madder  is  the  root  of  the  Kubia  tinctorium.  It  was  formerly 
very  extensively  employed  in  dyeing  Turkey-red.  Madder  was 
formerly  cultivated  in  many  European  countries,  but  it  has  been 
entirely  replaced  by  the  Alizarines.  The  colouring  matters  con- 
tained in  the  madder  root  in  the  state  of  glucosides  are  alizarine 
and  purpurine.  The  latter  produces  yellower  shades  than  the 
former.  The  application  of  madder  in  cotton  dyeing  is  identical 
with  that  of  Alizarine. 

Catechu, — Cutch, — Terra  Japonica  or  Gambier. 

Next  to  logwood,  catechu  is  one  of   the  few  of  the  natural 

*  Joatn.  Soc.  Di/tra  and  ColourisU,  Vol.  XXV.,  223-227,  1909. 
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colouring  matters  which  is  still  extensively  employed  in  cotton 
dyeing. 

The  Bengal  catechu  is  obtained  from  Acacia  catechu^  the  Pegu 
or  Bombay  catechu  from  Areca  catechu,  and  the  Gamhier  from 
Uncaria  Gambler .  All  the  different  kinds  of  catechu  contain 
catechutannic  acid  and  catechin.  Catechu  is  excellently  suited 
for  the  dyeing  of  heavy  brown  shades,  which  are  remarkable  for 
their  fastness.  Catechu  is  frequently  used  as  a  mordant  for 
the  basic  dyestuflfs.  Useful  shades,  very  rich  over  hand,  are 
produced  by  dyeing  colours  such  as  Magenta,  Bismarck  Brown, 
Methyl  Violet,  etc.,  on  a  catechu  "  bottom.'* 

Catechu  should  be  dissolved  in  boiling  water  with  the  addition 
of  about  6  per  cent,  of  copper  sulphate,  calculated  on  the  weight 
of  the  catechu.  The  cotton  should  be  entered  into  the  hot  dye- 
bath  (180°  to  212°  F.),  worked  for  J  to  1  hour,  when  dyeing  light 
shades,  whilst  for  dark  shades  it  is  better  to  work  for  half  an  hour 
and  to  steep  the  cotton  overnight.  The  material  is  now  wrung 
or  hydroextracted  and  the  colour  is  developed  and  fixed  in  a 
fresh  hot  bath  containing  potassium  or  sodium  bichromate. 

It  is  doubtful  as  to  whether  this  method  gives  the  most 
economical  results,  especially  if  the  catechu  bath  has  to  be  used 
repeatedly.  Developing  of  the  colour  in  a  fresh  bath  with 
copper  sulphate  will,  in  many  instances,  give  better  results. 

For  heavy  shades  the  cotton  may  be  treated  with  the  catechu 
solution  and  then  passed  through  a  bath  containing  an  iron 
mordant,  such  as  pyrolignite  of  iron,  or  ferrous  sulphate.  The 
material  is  finally  chromed. 

A  great  number  of  shades  are  obtained  by  adding  logwood, 
fustic,  etc.,  to  the  catechu  bath,  or  by  topping  catechu  shades 
with  these  colouring  matters. 

In  conjunction  with  logwood,  catechu  is  also  used  in  dyeing 
blacks  on  cotton.  The  material  is  treated  first  with  catechu,  or 
with  catechu  and  logwood  extract,  then  with  an  iron  mordant, 
afterwards  dyed  with  logwood  and  finally  fixed  with  bichrome. 

Another  method  consists  in  drying  the  material  after  the 
impregnation  with  catechu  and  before  the  fixing  with  bichrome. 

Catechu  is  also  extensively  used  in  dyeing  sail-cloth  and  yarn 
used  in  the  manufacture  of  fishing  nets.  It  exerts  a  preservative 
action  on  cotton,  i.e.,  it  prevents  it  from  becoming  rotten  after 
impregnation  with  the  sea-water. 

n2 
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The  following  natural  colouring  matters,  are  of  no  interest  to 
the  cotton  dyer : — 

Cochineal,  Ammoniacal  Cochineal,  Lac-dye,  Kermes,  Orchil, 
Cudbear,  Anna tto,  Orlean . 

Ill  the  following  a  few  methods  of  dyeing  browns,  greys,  etc., 
with  catechu,  logwood,  etc.,  are  given. 

Grey  on  150  lbs,  of  Loose  Cotton. 

80  lbs.  logwood  chips,  10  lbs.  fustic  chips  and  10  lbs.  catechu. 
Boil  for  one  hour,  then  add  slowly  2J  lbs.  soda  ash,  5  lbs.  copper 
sulphate  and  1  pint  pyrolignite  of  iron.  Enter  the  cotton,  work 
near  boiling  point  for  1  hour,  steep  overnight,  lift  out  in  the 
morning,  allow  to  drain  and  wash. 

Medium  Grey  on  100  lbs.  of  Cotton  Yarn. 

Work  the  yarn  for  about  half  an  hour  in  a  bath  containing  85 
gallons  of  a  decoction  of  logwood  (seep.  171),  with  the  addition  of 
a  small  quantity  of  soda  ash.  Wring  and  treat  for  half  an  hour  in 
a  fresh  bath  with  8  lbs.  ferrous  sulphate  and  1;^  ozs.  soda  ash. 
Binse,  wring  and  pass  again  through  the  first  bath,  wring,  pass 
through  the  second  bath,  wash,  soap  and  dry. 

Light  Grey  on  100  lbs.  of  Cotton  Yarn. 

Treat  as  given  for  medium  grey  with  18  gallons  of  logwood, 
2  lbs.  ferrous  sulphate  and  1  oz.  soda  ash. 

Medium  Grey  on  60  lbs.  of  Cotton  Yarn. 

Work  the  yarn  for  half  an  hour  in  a  cold  bath  containing  2  lbs. 
sumach  extract  and  1  lb.  quercitron  extract  (solid) ;  wring  or 
hydroextract  and  treat  cold  with  2  lbs.  ferrous  sulphate  and  1  lb. 
nitrate  of  iron ;  allow  to  drain,  and  finish  with  2  lbs.  of  alum  at 
110°  F.,  wash,  wring  and  dry. 

Medium  Yellowish-brown  on  50  lbs.  of  Cotton  Yarn. 

Work  the  yarn  for  half  an  hour  at  156°  E.,  in  a  bath  containing 
6  lbs.  catechu,  1  lb.  quercitron  extract  (solid)  and  3  lbs.  turmeric. 
Allow  to  drain,  and  turn  for  a  quarter  of  an  hour  in  a  fresh  bath 
with  IJ  lbs.  bichrome,  at  15G°  ¥.  Allow  to  drain  and  pass 
through  a  bath  at  110°  E.,  containing  2  lbs.  alum.   Wash  and  dry. 

Dark  Brown  on  50  lbs.  of  Cotton  Yarn. 

Work  the  yarn  for  1  hour  at  170°  E.,  in  a  bath  containing 
1-1  lbs.  catechu,  4  lbs.  logwood  extract  (solid),  2  lbs.  quercitron 
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extract  (solid).    Allow  to  drain  and  work  for  a  quarter  of  an  hour 
at  170°  F.,  in  a  bath  with  2  lbs.  bichrome.     Wash  and  dry. 

TAr/ht  brilliant  Yellow  on  60  lbs,  of  Cotton  Yaiii, 
Prepare  a  bath  with  14  lbs.  turmeric  and  8  ozs.  sulphuric  acid. 
Turn  the  yarn  for  a  quarter  of  an  hour  at  the  boil.  Rinse  and  dry. 

Dark  Maroon  on  50  lbs.  of  Cotton  Yaim. 

12  lbs.  catechu,  1  lb.  copper  sulphate,  4  lbs.  logwood  extract 
(solid).  Enter  the  yarn  at  190°  F.,  give  a  few  turns  and  steep 
overnight.  Lay  up  in  the  morning  and  fix  for  a  quarter  of  an  hour 
at  190°  F.,  with  3  lbs.  bichrome.  Return  to  the  first  bath,  to  which 
4  lbs.  of  logwood  extract  have  been  added,  work  for  half  an  hour, 
wring  and  pass  through  an  emulsion  of  soap  and  oil.  Wring 
and  dry. 

Brown  on  150  lbs.  of  Loose  Cotton. 

Prepare  the  bath  with  85  lbs.  catechu,  7  lbs.  logwood  extract, 
7  lbs.  quercitron,  7  lbs.  copper  sulphate.  Enter  the  cotton,  boil 
for  1  hour,  steep  overnight.  Take  the  cotton  out  in  the  morn- 
ing, allow  to  drain,  hydroextract  and  enter  into  a  boiling  bath 
containing  2J  lbs.  copper  sulphate  and  5  lbs.  bichrome.  Allow  the 
cotton  to  remain  in  this  bath  for  2  hours,  lift  out,  drain,  and  allow 
to  age  for  some  time.    Wash  thoroughly  and  dry. 

Catechu  Brown  on  Cotton  Warps, 

A  solid  cutch  brown  on  cotton  warps  may  be  dyed  in  a  5 -box 
warp  dyeing  machine.  See  p.  864.  The  width  of  the  boxes  is 
2^  feet,  the  depth  2^  feet.  The  length  of  the  first  4  boxes  is 
4  feet  each,  that  of  the  5th  box,  5  feet. 

In  the  1st  and  2nd  box  the  warp  is  impregnated  with  the 
catechu  solution  which  has  been  prepared  with  the  necessary 
quantity  of  copper  sulphate.  The  8rd  box  contains  water,  the  4th 
the  bichrome  solution.  In  the  5th  box  the  warp  is  rinsed  in 
running  water. 

Approximate  quantities  required  for  dyeing  800  lbs.  of  cotton : 
1  cwt.  catechu,  15  lbs.  copper  sulphate,  80  lbs.  bichrome.  The 
warp  should  be  well  boiled  either  in  a  high-pressure  or  a  low- 
pressure  kier  and  squeezed  before  dyeing. 

A  certain  amount  of  catechu  is  removed  by  the  slight  rinsing 
given  in  the  8rd  box,  but  it  has  been  found  that  the  shades  of 
brown  produced  are  much  cleaner  (less  "  dusty  ")  than  if  the  rinsing 
is  omitted  and  the  warp  passed  directly  into  the  bichrome  bath. 
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Abbreviations  used  in  Parts  VIII.  to  XIV. 

Ba.  Badische  Anilin  und  Soda-Fabrik,  Ludwigshafen-on-E-hine. 

BAG.  The  British  Alizarine  Company,  Limited,  Silvertown,  London. 

Be.  Action  Gesellschaft  f iir  Anilin -Fabrikation,  Berlin. 

By.  Farbenfabriken,  vorm.  Fr.  Bayer  &  Co.,  Elberfeld. 

C.  The  Clayton  Aniline  Company,  Limited,  Manchester. 

Ca.  Leopold  Cassella  &  Co.,  Gr.m.b.H.,  Frankfort-on -Maine. 

CI.  Society  of  Chemical  Industry,  Basle. 

CI.  Claus  &  Co.,  Droylsden,  near  Manchester. 

Da.  Wuelfing,  Dahl  &  Co.,  Act.-Ges.,  Barmen. 

DH.  L.  Durand,  Iluguenin  &  Co.,  Basle. 

G.  Aniline  Colour  and  Extract  Works,  formerly  J.R.,  Geigy,  Basle. 

n.  Read,  HoUiday  &  Sons,  Limited,  Huddersfield. 

J.  Carl  Jager,  Diisseldorf-Derendorf. 

ICa.  Kalle  &  Co.,  Act-Ges.,  Biebrich-on -Rhine. 

Leo.  Farbwerk  Miihlheim,  formerly  A.  Leonhardt  &  Co.,  Miihlheira. 

Lev.  Tievinstein  Limited,  Blackley,  Manchester. 

ML.  Farbwerke  vorm.  Meister,  Lucius  &  Briining,  Hoechst-on-Maine. 

Oe.  Chemische  Fabrik  Griesheim-Elektron,  "VVerk  Oehler,  OfFenbach-on- 

Maine. 

OSF.  Erste  Oesterreichische  Soda  Fabrik,  Hruschau. 

Poir.  Societe  Anonyme  des  Mati^res  Colorantes  et  IVoduits  Chimiques  de 

Saint-Denis  (A.  Poirrier  and  G.  Dalsace),  Paris. 

Sa.  Sandoz  Chemical  Works,  Basle. 

Sch.  The  Schoellkopf  Aniline  and  Chemical  Co.,  Buffalo. 

W.  Chemische  Fabriken^vorm.  Weiler-ter  Meer,  Uerdingen-on-Ehine. 
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BASIC  COTTON  DYESTUPFS 
{Di/estufs  which  are  chiefly  Dyed  on  Tannin  Mordant.) 

[In  the  folIowiDg  tables  the  figures  before  the  name  of  a  dyestuff,  e.g., 
(1,2,  3),  indicate  the  special  methods  of  dyeing  described  in  Pai-t  VIII., 
which  may  be  applied,  while  the  letters  after  the  name,  e.g.,  (Ba.), 
denote  the  name  of  the  maker  or  makers.] 


Yellows  and  Oranges. 

Acridine  Golden  Yellow  (Leo.). 

Acridine  Oranges  (Leo.). 

Acridine  Yellows  (Leo.). 

Aniline  Yellow  (Ca.). 

Auracine  (By.). 

(1,  6)  Auramine  (Ba.,  Be.,  By.,  CI., 

G.,  II.,  J.,  Ka.,  Leo.,  Lev.,  ML., 

Sa.,  W.). 
Aurophosphine  (Be.). 
(1)  Azophosphine  (ML.). 
Benzoilavine  (Oe.). 
Brilliant  Phosphines  (Be.,  CI.). 
(1)  Chrysoidines  (Ba.,  Be.,  By.,  Ca., 

CI.,  CI.,  Da.,  G.,  H.,  J.,  Ka.,  Leo., 

Lev.,  ML.,  Oe.,  Poir.,  W.). 
Corioflavines  (Oe.). 
Coriphosphines  (By.). 
Cotton  Orange  (Da.). 
Diamond  Phospbine  (Ca.). 
Euchrysine  (Ba.). 
Fast  Cotton  Yellow  (Da.). 
Flavazol  Yellow  (Da.). 
Flavinduline  (Ba.). 
Flavophosphine  (ML.). 
Ilomophosphine  (Leo.). 
(1,  2,  :j,  -1)  Janus  Yellow  (ML.). 
Leather    Yellows  (Da.,    Ka.,  Leo., 

MI..). 
(1)  Methylene  Yellow  (By.,  ML.)- 
New  Acridine  Orange  (Leo.). 
New  Phosphine  (Ca.). 


Para-Phosphine  (Ca.). 
Patent  Phosphines  (CI.). 
Philadelphia  Yellow  (Be.). 
(1)  Phosphines  (Ba.,   Be.,  Ca.,  CI., 
Da.,  n.,  J.,  Ka.,  ML.,  Oe.,  Poir., 

W.). 
Blieonine  (Ba.). 
Rhoduline  Orange  (By.). 
Rhoduline  Yellows  (By.). 
Tannin  Oranges  (Ca.). 
Thioflavines  (Ca.). 
Yellow  (Be.). 
Xanthine  (Poir.). 

Beds. 

Acetate  Magenta  (H.). 

Acridine  Beds  (Leo.). 

Acridine  Scarlets  (Leo.). 

Aniline  Maroon  (Ca.). 

Aniline  Scarlet  (W.). 

Anisoline  (Monnet). 

Bordeaux  (Ka.,  W.). 

Brilliant  Rhoduline  Red  (By.). 

Brilliant  Rose  (Leo.). 

Brilliant  Saffranine  (Be.). 

(1)  CameUa  (Be.). 

(1)  Cardinal  (Be.,  ML.). 

Cardinal  Red  (W.). 

Carthamines  (W.). 

(1)  Cerises  (Ba.,  Be.,  Ca.,  Da.,  G., 

n.,  Ka.,  ML.,  W.). 
Clematine  (G.). 
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Cotton  Beds  (Lev.). 

Diamond  Magenta  (Ba.,   By,,  Da., 

CI.). 
Fttst  Hnks  (Da.). 
Fast  Red,  4198a  (T^o.). 
Geranium  (Ca.). 
(1)  Grenadine  (K.,  Oe.,  ML.). 
Irisamine  (Ca.). 
(1)  Isonibine  (Be.). 
(1,2.  3,  4)  Janus  Bed  (ML.) 
(1)  Magenta,  Fuchsine   or   Boseine 

(Ba.,  Be,  By,  Ca„  CI.,  CI.,  Da..  G., 

n.,  J.,  Ka.,  Leo.,  ML.,  Oe.,  Poir, 

Sa.,  W.). 
Magenta  Powder  (Ba.). 
Magenta  Scarlet  (Ba.). 
(1)  Maroon  (II.,  ML.). 
Neutral  Bed  (Ca.). 
(1)  New  Magenta  (ML.,  By.,  Oe.). 
Pyronine  (Leo.). 
(1,  6)  Rhodamines    (Ba.,    Be.,  By., 

CI.,  Ka.,  ML.,  Sa.). 
(1)  Bhodamine  Ponceau  (MIj.). 
Bhodiiline  Pinks  (By.). 
Bhoduline  Bed  (By.). 
Bhoduline  Scarlet  (By.). 
(6)  Bosazeine  (Ca.). 
Bosole  Bed  (By.). 
Bosole  Scarlet  (By.). 
Bubine  (Ba.,  Be.,  Da.). 
Bussian  Bed  (Ca.,  Oe.). 
(1,  4,  6)  Saffranine  (Ba.,   Be.,  By., 

Ca.,    CI.,   CI.,   Da.,  H.,   J.,   Ka., 

Leo.,  ML.,  Oe.,  Poir,  Sa.,  AV.). 
Saffranine  Scarlet  (Ba.,  Leo.,  MJj.). 
Scarlet  (Da.). 

(1)  Scarlet  for  Cotton  (Ca.,  MIj.). 
Tannate  Fast  Scarlet  (Da.). 
Tannate  Bubine  (Da.). 

Blues  and  Vioi^ts. 

Acetin  Blue  (CI.). 

Acetinduline  (Ca.). 

Alkali  Blues  (CL). 

Alkaline  Blue  BBR  to  6B  (Ca.). 

Azure  Blue  (II.,  Sa.). 

BjiHle  Blue  (DII.). 

Bengal  lUues  (G.), 


(6)  Blackley  Blues  (Lev.). 

(5)  Bleu  de  Lille  (Oe.). 

Brilliant  Blue  (Sa.). 

Brilliant  Oesyl  Blue  (lioo.). 

Brilliant  Diazine  Blues  (Ka.). 

Brilliant  Glacier  Blue  (CL). 

Brilliant  Bhoduline  Purple  (By.). 

Brilliant  Victoria  Blues  (CL). 

Capri  Blue  (Leo.). 

(5)  China  Blue  (MI^.). 

Clematine  (G.). 

(5)  Cone.  Cotton  Blues  (MIj.). 

(5)  Cotton  Blues  (Ba.,  Da.,  G.,  ML., 

Oe.,  Poir.). 
(5)  Cotton  Light  Blue  (ML.). 
Cresyl  Blue  (Ijeo.). 
Cresyl  Fast  Violets  (Leo.). 
(1)  Crj'stal  Violet  (Ba.,  By.,  Ca.,  CL, 

Da.,  a,  ML.,  Sa.,  AV-)- 
Dark  Blue  (Ba.). 
Diazine  Blue  (Ka.). 
Diphen  Blue  (Be.). 
(1)  Ethyl  Blue  (ML.). 
Ethyl  Purple  (Ba.,  CL). 
Ethyl  Violet  (Crystal  Violet),  (CL). 
Fast  Blue  (CL,  Ka.,  Leo.,  Sa.,  W.). 
Fast  Blue  for  Cotton  (Be.,  Poir.,  Oe.). 
(1)  Fast  Cotton  Blues  (ML.). 
Fast  Navy  Blues  (Ka.,  Oe.). 
Fast  Neutral  Violet  (Ca.). 
(1)  Fast  New  Blue  (ML.). 
Grentianine  (G). 
Glacier  Blue  (CL). 
Heliotropes  (Ka.,  Leo). 
Helvetia  Blue  (G.). 
Hofmann*8  Violet  (Poir.). 
(1,  4)  Indamine  Blue  (CL,  ML.). 
Indazines  (Ca.). 
Indine  Blues  (Lev.)- 
Indoine  Blue  (Ba.,  G.). 
(4)  Indol  Blue  (Be.,  Leo.). 
Indone  (Ca.).  [Madras  Blue  (Poir.)]. 
Indone  Blues  (By.). 
(1)  Indophene  Blue  (ML-). 
(1,  2,  3,  4)  Janus  Blue  (ML.). 
(1,  2,  3,  4)  Janus  Dark  Blue  (ML.). 
Jute  Blue  (Oe). 
Light  Blue  for  Silk  (Be.). 
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Madras  Blue  (Poir.). 

Malta  Wue  (Poir.). 

(1)  Marine  Blues  (Ba-,  ML.,Sa.,  W.)- 

Meldola'8  Blue  v.  New  Blue. 

Metaphenylene  Blues  (Ca.). 

Methyl  Blues  (Be.,  Ca.,  ML.)! 

(6)  Methyl  Blue  for  Cotton  (Ka.,  Oe., 

MI..). 
(5)  Methyl  Cotton  Blues  (Da.). 
(1)  Methylene  Blues  (Ba.,  Be.,  By, 

Ca.,  CI.,  G-,  H.,  J.,  CI.,  Ka.,  Leo., 

ML.,  Oe.,  Poir.,  Sa.,  W.). 
(1)  Methylene  Dark  Blue  (ML.). 
(1)  Methylene  Heliotrope  (MTj.). 
(1)  Methylene  Indigo  O,  SS  (ML.). 
(1)  Methylene  Violets  (ML.). 
Methyl  Indones  (Ca.). 
(1)  Methyl  Violets  (Ba.,   Be.,    By., 

Ca.,  CI.,  CL,  Da.,  G.,  J.,  Ka.,  Leo., 

Lev.,  ML.,  Oe.,  Poir.,  Sa.). 
Muscarine  (DH.). 
Naphthol  Blues  (Da..  W.). 
(4)  Naphtiodones  (Ca.). 
Navy  Blue  D.  (Oe-). 
Neutral  Blue  (Ca.). 
Neutral  Violet  (Ca.). 
New  Blues  (Meldola's  Blue)  (Ba., 

By.,  Ca.,  CI.). 
New  Cotton  Blues  (Leo.). 
New  Ethyl  Blue  (ML.). 
New  Metamine  Blue  (Leo.). 
New  Methylene  Blue  (By.,  Ca.). 
New  Victoria  Blue  (By.,  CL,  M.L.). 
Night  Blue  (Ba.,  CL,  Sa.). 
Nile  Blue  (Ba.). 
Paraphenylene  Blue  (Da.). 
Paraphenylene  Violet  (Da.). 
Paris  Violets  (Methyl  Violets)  (Poir.). 
Peacock  Blues  (Ka.). 
Phenine  Dark  Blue  (Da.). 
Phenine  Navy  Blue  (Da.). 
Printing  Blue  (Ca.). 
Pure  Blue  (Ka.,  Oe.,  ML.). 
Bed  Blue  in  grains  (Oe.). 
Bed  Violet  (W.). 
Bhoduline  Heliotrope  (By.). 
Rhoduline  Sky  lUue  (By.). 
Rhoduliue  Violet  (By.). 


(1)  Rosolan  BO  (MTj.). 
Setooyanine  (G.). 
Setoglaucine  (G.). 
Setopaline  (G.). 
Solid  Blue  (Ca.). 

(5)  Soluble  Blues  (Ka.,  CL,  Oe.,  Sa.). 
Swiss  Blue  (IL). 
Tannate  Violet  (Da.). 
Tannin  Heliotrope  (Ca.). 
Thiazine  Blue  (G.). 
(1)  Thionine  Blue  (Be,  ML.). 
Toluidine  Blue  (Ba.). 
Toluylene  Blue  (Oe.). 
Turquoise  Blue  (By.). 
(1,  2,  3,  4)  Victoria  Blues  (Ba.,  Be., 
By.,  CL,  J.,  Ka.,  IL,  ML.,  Sa.,  W.). 
Victoria  Pure  Blue  (Ba.). 
Violet  C  (Poir.). 
(5)  Water  Blues  (Be.,  Ca.). 

Greens. 

Azine  Green  (Leo.). 
Benzol  Green  (Oe.). 
(1)  Brilliant   Green   (Ba.,    By.,  Ca., 

CL,  Da.,  G.,  H.,  J.,  Leo.,  ML.,  Oe., 

Poir.,  Sa.,  W.). 
Capri  Greens  (Leo.). 
China  Green  (By.). 
Diamond  Green  (Ba.). 
Diazine  Green  (I^.). 
Emerald  Green  (Da.). 
Ethyl  Green  (Be.). 
Fast  Greens  (CL). 
Green  Powder  (IL). 
Imperial  Green  (By.). 
(1,  2,  3,  4)  Janus  Green  (ML.). 
Leaf  Green  (Be.). 
Light  Green  (Leo.,  Poir.,  W.). 
(1)  Malachite  Green  (Ba.,  Be.,  Ca., 

CI..  G.,  IL,  J.,  Ka.,  MI..,  Sa.,  W.). 
(1)  Methylene  Green  (Ba.,  By.,  CL, 

a,  Ka.,  MI..,  Sa.,  AV.). 
New  Fast  Greens  (CL). 
Solid  Green  (Ca-,  Leo.). 
Tannate  Dark  Green  (Da.). 
Tannate  Fast  Green  (Da.). 
Victoria  Green  (Ba.,  J  ). 
Zinc  Green  (J.). 
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Browns, 

Acridine  15ix)wn  (Leo.). 

(1)  Bismarck  Browns  (Manchester 
Brown)  (Be.,  By.,  Ca.,  CI.,  CI.,  Da., 
II.,  J.,  Ka.,  Leo.,  Lev.,  Oe.,  Poir., 
Sa.,  W.). 

Brown  G.  &  B.  cone-,  (G). 

(1)  Cutch  Brown  (G.,  ML.). 

(1)  Dark  Brown  (ML.). 

Excelsior  Brown  (Da.). 

(I,  2,  3,  4)  Janus  Brown  (ML.). 

Leather  lirown  (By.,  Ca.). 

Nut  Brown  (Ca.). 

Phenyleno  Brown  (W.). 

Rheonino  (Ba.). 

Tannin  Brown  (Ca.). 

(I)  Vesuvine  (Ba.,  Da.,  J.,  ML.). 

Various. 
Black  for  artificial  Silk  (Ca.,  W.). 


Diazine  Black  (Ka.). 

Direct  Grey  (Poir.). 

Fast  Grey  R  (Oe.). 

Grey  NO  (Sa.). 

Grey  (Poir.). 

(1,  2,  3,  4)  Janus  Blacks  (ML.). 

(1,  2,  3,  4)  Janus  Grey  (ML.). 

Jet  Black  (Ba.,  J.). 

Jute  Blacks  (Ba.,  Be.,  Ca.,  CI.,  Ijev., 

W.). 
liOgwoqd  Substitute  (W.). 
Malta  Grey  (Poir.). 
(1,4)  Methylene  Grey  (ML.,  Sa.). 
Neutral  Black  (W.). 
New  Fast  Grey  (By.). 
Nigrisine  (Poir.). 
Silk  Grey,  fast  to  water  (ML.). 
Special  Grey  (Poir.). 
Tannate  Fast  Black  (Da.). 
Tannate  Greys  (Da.). 


The  Basic  Dyestufl's  are  especially  marked  by  their  brilliancy 
and  richness  of  shade.  Their  colouring  power  is  superior  to 
that  of  the  substantive  cotton  dyestnffs^  but  (hey  are,  generally 
speaking,  fugitive  to  light  and  do  not  stand  washing  very  well. 
Although  still  largely  used,  they  have  been  replaced  to  a  con- 
siderable extent  by  the  substantive  dyestuflfs. 

Application  of  the  Basic  Cotton  Dyestuffs. 

Dissolving  of  the  basic  dyestujs. — The  dyestuff  should  be 
stirred  up  with  a  small  quantity  of  boiling  condensed  water; 
then  gradually  add  more  boiling  water,  stir  and  boil  for  a  short 
time.  If  standard  solutions  are  prepared  care  must  be  taken  to 
make  them  suflSciently  dilute  in  order  to  prevent  crystallisation 
of  the  dyestuff  when  the  solution  becomes  cold. 

Auramine  solutions  should  not  be  heated  above  160°  to  170°  F. 

Solutions  of  Bismarck  Broun  and  Chrysoidine  should  be 
boiled  a  few  minutes  only. 

Victoria  Blues  should  be  stirred  with  acetic  acid.  Fast  Blue 
for  Cotton  with  acetic  acid  or  hydrochloric  acid,  and  some  of  the 
cheaper  kinds  of  Magenta  with  hydrochloric  acid,  before  the 
boiling  water  is  added. 

Diphene  Blue  B  d  It  Base  (Be.),  80  parts  of  which  are  equal 
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to  100  parts  of  Diphme  Blue  B  d  R  (Be.),  is  dissolved  in  the 
following  manner : — Stir  to  a  paste  1  part  of  the  Base  with 
2  parts  boiling  water,  add  2  parts  acetic  acid  (30  per  cent.), 
allow  to  stand  for  a  short  time,  and  then  dissolve  in  boiling 
water. 

Dyeing  with  the  Basic  Dyestuffs  on  Tannin  Mordant, 

The  principal  mordants  employed  for  fixing  the  basic  dyestuflfs 
are  the  tannins.  The  purest  shades  are  obtained  when  tannic 
acid  is  employed.  The  other  tannin  materials,  such  as  sumach, 
nut  galls,  myrabolans,  etc.,  tint  the  cotton  more  or  less,  a  fact 
which  requires  to  be  taken  into  consideration  when  employing 
these  materials  for  mordanting. 

Sumach  leaves,  if  used  in  place  of  tannic  acid,  are  placed  into 
a  bag  and  boiled  for  ^  to  1  hour  in  the  bath. 

The  application  of  catechu  as  a  mordant  for  basic  colours  has 
been  described  under  "Catechu.**  In  the  following  part  the 
application  of  tannic  acid  will  be  discussed.  The  corresponding 
quantities  of  other  tannins  which  may  be  used  in  place  of  tannic 
acid  depend  upon  the  amount  of  tannic  acid  which  the  material 
used  contains.  The  necessary  information  will  be  found  under 
"  Tannins."  The  amount  of  tannic  acid  used  depends  upon  the 
quantity  of  dyestuff  which  has  to  be  fixed  upon  the  fibres.  If 
the  amount  of  tannic  acid  used  is  largely  in  excess  of  that 
required,  uneven  dyeings  will  result  and  the  shades  will  sufifer  as 
regards  brilliancy ;  whilst,  on  the  other  hand,  the  fastness  of  the 
dyeings  will  be  inferior  if  the  quantity  of  mordant  is  too  small. 

The  cotton  should  be  well  boiled,  and  rinsed  or  soured  and 
rinsed,  before  mordanting  with  tannic  acid.  The  temperature 
of  the  mordanting  bath,  when  entering  the  material,  ought  to  be 
near  boiling  point,  but  the  liquor  must  be  allowed  to  cool  during 
mordanting.  For  heavy  shades  the  cotton  is  entered  into  the 
bath,  containing  2  to  6  per  cent,  of  tannic  acid,  worked  for  some 
time  and  then  steeped  for  some  time  in  the  liquor,  usually  over- 
night. For  light  shades  the  cotton  is  worked  in  J  to  2  per  cent, 
of  tannic  acid  for  1  to  2  hours. 

The  [proportion  of  cotton  to  liquor  should  be  about  1 :  15  or 
1 :  20.  The  tannin  bath  may  be  used  repeatedly  ;  one  half  of  the 
quantity  of  tannic  acid  added  to  the  first  bath  has  to  be  added 
for  every  subsequent  lot  of  cotton. 
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Boiling,  or  wetting  out  of  the  material  before  the  treatment 
with  tannic  acid,  is  not  always  necessary.  For  dark  shades  the 
cotton  may  be  directly  immersed  in  the  hot  tannic  acid  bath. 
An  addition  of  Turkey-red  oil,  or,  better  still,  of  Monopole  soap 
to  the  mordanting  bath  will  greatly  assist  even  penetration. 
Such  an  addition  is  also  of  advantage  in  mordanting  very  hard 
twisted  yarns  or  heavy  piecegoods. 

After  impregnation  with  tannic  acid  the  cotton  is  squeezed, 
wrung,  or  hydroextracted,  and  is  then  ready  for  the  fixing  with 
tartar  emetic  or  with  another  antimony  salt.  In  very  few 
cases  only  is  the  impregnated  material  dyed  without  previously 
fixing  the  tannin  with  an  antimony  salt,  because  shades  obtained 
in  this  manner  are  not  fast.  The  corresponding  amounts  of  the 
different  antimony  salts  which  may  be  used  in  place  of  tartar 
emetic  are  given  on  p.  31. 

The  fixing  bath  is  usually  employed  cold  or  warm,  and  it 
should  contain  from  1  to  4  per  cent,  of  tartar  emetic.  It  may 
be  employed  repeatedly,  but  as  it  becomes  gradually  more  and 
more  acid,  it  i-equires  neutralising  with  either  chalk  or  soda 
ash.  When  using  the  latter  the  solution  should  be  added 
carefully  until  the  bath  becomes  slightly  turbid. 

The  cotton  should  be  thoroughly  rinsed  after  fixing  and  before 
dyeing.  In  some  instances,  especially  when  a  very  strong 
mordant  has  been  applied,  the  rinsing  may  be  followed  by  weak 
soaping.  Einsing  after  the  soaping  is  not  always  necessary. 
Some  of  the  mordant  which  loosely  adheres  to  the  fibres  is 
removed  by  the  soaping,  with  the  result  that  faster  and  more 
even  shades  are  obtained. 

Very  heavy  shades  are  dyed  on  a  tannin  mordant  which  has 
been  fixed  with  an  iron  salt,  usually  pyrolignite,  or  nitrate  of 
iron.  Shades  produced  on  this  mordant  are,  however,  not  as 
fast  as  those  obtained  by  dyeing  on  a  tannin  tartar  emetic 
mordant.  After  treating  in  the  usual  manner  in  the  tannin 
bath,  followed  by  wringing  or  hydroextracting,  the  material  is 
worked  for  10  to  20  minutes  in  a.  cold  bath  of  pyrolignite  or 
nitrate  of  iron,  which  stands  at  from  IJ^  to  4P  Tw.  Then  rinse 
thoroughly  and,  if  necessary,  pass  through  a  bath  containing 
some  chalk.  From  2  to  4  per  cent,  of  ferrous  sulphate  may  be 
used  in  place  of  the  other  iron  mordants,  the  shades  are,  how- 
ever, not  as  good  as  those  obtained  when  using  the  pyrolignite. 
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The  tannic  acid  is  better  fixed,  and  faster  shades  are  ultimately 
produced,  if  the  cotton,  mordanted  with  tannin  and  iron,  is 
finally  passed  through  a  bath  containing  tartar  emetic,  or  if  the 
tannin  is  first  fixed  with  tartar  emetic  and  the  iron  salt  is 
applied  afterwards. 

The  dye-bath  should  not  be  too  concentrated,  and  hard  water 
ought  to  be  corrected  by  adding  the  necessary  amount  of  acetic 
acid.  In  order  to  prevent  the  dyestuflf  from  exhausting  too 
rapidly  an  addition  of  2  to  6  per  cent,  of  acetic  acid  or  alum  is 
made  to  the  dye-bath.  When  dyeing  Soluble  Blues,  Fast  Blues 
and  Nigrosines  on  a  tannin  mordant,  from  5  to  10  per  cent,  of 
alum  should  be  added. 

Enter  the  cotton  into  the  cold  dyebath  and  add  ^th  or  ^th  of 
the  total  dyestufif  solution.  Work  for  some  time,  add  another  part 
of  the  solution,  and  so  on  until  the  whole  of  the  dyestuff  has 
been  added.  When  the  bath  is  nearly  exhausted  heat  gradually 
to  150  to  200°  F.,  and  work  the  cotton  for  some  time  after  the 
steam  has  been  shut  off.  The  material  may  be  dried  without 
rinsing,  or  it  may  be  rinsed  and,  if  necessary,  slightly  soaped. 
The  fastness  of  shades  dyed  with  the  basic  dyestuffs  is  con- 
siderably improved  if  the  cotton,  after  dyeing,  is  passed  through 
tannic  acid,  and  then  through  tartar  emetic.  The  old  mordanting 
liquors  may  be  used  for  this  purpose.  The  fact  that  by  this 
treatment  the  shades  become  somewhat  duller  must,  however,  be 
taken  into  consideration. 

Shades  which  are  fast  to  a  boiling  soap  solution  may  be 
gbtained  by  this  method  with  the  following  dyestuffs: — Acndine 
Reds,  Acndine  Scarlets,  New  Acridine  Orange,  Pyronine  Gr, 
Capj'i  Greens,  CapH  Blues,  Cresyl  Blues,  Bnlliant  Cresyl  Blue 
2  B,  Fast  Blue,  Indol  Blue  F,  New  Metamine  Blue  M,  Cresyl 
Fast  Violets, 

Shades  dyed  with  Azure  and  Victoria  Blue  become  brighter 
and  more  level  if  the  goods  are  soured  after  dyeing  for  J  to  J 
hour  at  140°  F.,  with  1  to  8  per  cent,  sulphuric  acid  (D.O.V.). 
This  treatment  is  followed  by  rinsing  and  soaping  with  10  to  15 
per  cent,  of  soap  at  140°  to  180°  F. 

Special  Methods  of  Dyeing  with  the  Basic  Dyestuffs. 

In  the  following  some  special  methods  will  be  described  which 
are  less  frequently  used  in  dyeing  with  the  basic  cotton  dyestuffs. 
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Method  (1). — Basic  dyestnffs  df/ed  in  one  bath.  Patented  by 
Meister,  Lucius  and  Briining. 

Prepare  the  cold  dye-bath  with  6  to  8  per  cent,  acetic  acid ; 
then  add  1  to  2  per  cent,  tannic  acid  and  finally  the  dyestuflF 
solution  (up  to  1  per  cent.).  Enter  the  cotton,  work  J  hour 
cold,  then  J  hour  at  104°  F.  and  for  J  hour  at  140°  F.,  rinse, 
wring,  dry.  Faster  shades  are  obtained  by  the  following 
treatment :  After  dyeing  as  above,  wring  and  add  to  the  first 
rinsing  bath  ^  to  IJ  per  cent,  tartar  emetic.  Turn  a  few  times 
in  this  bath,  rinse  and  dry.  For  the  purpose  of  shading  small 
quantities  of  dyestuffs  may  be  added  to  the  tartar  emetic  bath. 

The  Janus  Dyestuffs  take  a  position  between  the  direct  dyeing 
and  the  basic  dyestuffs.  They  exhibit  a  strong  affinity  both 
towards  the  vegetable  and  the  animal  fibres.  Deep  shades  may 
be  obtained  on  cotton  by  dyeing  with  these  dyestuffs  with  the 
addition  of  alum,  acetate  of  zinc,  chromium  fiuoride,  or  weak 
acids. 

True  tannin  lakes  are  formed  by  an  after-treatment  with 
tannins  and  tartar  emetic. 

The  following  methods  are  recommended  : — 

Method  (2).  D^?/'«^.— Acidulate  the  .dye-bath  with  acetic  acid, 
add  5  per  cent,  sulphate  of  zinc  and  part  of  the  dyestuff  solution. 
Enter  the  cotton  at  about  90°  C.  (194°  F.),  turn  a  few  times 
and  add  the  remaining  dyestuff  solution  in  several  portions. 
After  \  hour  add  20  per  cent,  common  salt  or  calcined  Glauber's 
salt,  work  for  \  hour  near  the  boil,  turn  the  steam  off  and  work 
for  J  hour.     Rinse,  wring,  or  hydroextract. 

Fixing. — Enter  the  dyed  cotton  into  a  cold  bath  containing 
2  to  6  per  cent,  tannic  acid  or  the  corresponding  quantity  of 
sumach,  work  for  J  hour,  lay  up,  add  1  to  3  per  cent,  tartar 
emetic  and  1*5  per  cent,  of  strong  sulphuric  acid,  enter,  turn 
I  hour  cold,  I  hour  at  50°  C.  (122°  F.),  J  hour  at  80°  to  100°  C. 
(176°  to  212°  F.),  rinse  thoroughly  and  dry. 

Method  (3). — Dijeinq  as  in  Method  (1). 

Fixing.  First  Bath. — Enter  the  cotton  into  a  "  short '*  bath 
with  the  addition  of  2  to  6  per  cent,  tannic  acid  (or  a  corre- 
sponding quantity  of  another  tannin  material),  work  for  J  hour 
at  50°  C.  (122°  F.),  steep  for  some  hours  or  overnight,  wring  or 
hydroextract. 
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Second  Bath. — Work  in  a  fresh  cold  bath  with  the  addition  of 
1  to  8  per  cent,  tartar  emetic  for  J  to  f  hour,  rinse,  soap,  if 
necessary,  and  dry. 

Method  (4). — Dyeing  on  unmordanted  cotton,  with  the  addi- 
tion of  acids  or  acid  salts,  such  as  alum,  acetate  of  zinc,  fluoride 
of  chromium. 

Naphtindon. — Add  3  per  cent,  of  aluminium  sulphate  to 
the  dye-bath,  turn  a  few  times,  then  add  the  dyestufif  solution. 
When  all  the  dyestufif  has  been  added,  raise  the  temperature 
to  boiling  and  work  at  this  temperature  for  20  to  30  minutes. 

Naphtindon  BB  and  Jrisa?ni7i. —These  dyestufifs  may  also  be 
dyed  in  a  bath  containing  30  to  50  lbs.  of  common  salt  per 
100  gallons  of  liquor.  Irisamin  should  be  dyed  at  122°  to  145°  F. 
After  dyeing  wring  and  dry  at  a  low  temperature. 

When  dyeing  with  Naphtindon  enter  the  material  at  122°  to 
145°  F.,  gradually  raise  the  bath  to  the  boil  and  finally  rinse  the 
cotton. 

hidol  Blue. — Indol  Blue  may  be  dyed  direct  by  adding 
5  per  cent,  alum  or  3  per  cent,  aluminium  sulphate,  10  per  cent, 
common  salt,  and  the  necessary  quantity  of  dyestufif  to  the 
bath.  Dye  at  180°  F.  for  1  hour.  For  very  deep  shades  the 
additions  must  be  increased,  but  it  is  not  advisable  to  add 
more  than  20  per  cent,  common  salt  and  10  per  cent.  alum. 
After  dyeing  rinse  and  work  the  material  in  a  fresh  bath  for 
J  hour  at  85°  F.,  with  IJ  times  the  quantity  of  tannic  acid  as 
that  of  dyestufif  used.  The  tannic  acid  is  almost  completely 
exhausted.  The  dye-bath  is  not  exhausted.  For  subsequent 
dyeings,  alum  and  salt  should  be  added  in  proportion  to  the 
amount  of  fresh  liquor  added,  lledder  shades  are  produced 
when  working  in  a  tannic  acid  bath  at  a  lower  temperature, 
whilst  at  higher  temperatures  the  shades  become  more  greenish 
in  tone. 

If  the  fixing  bath  is  prepared  with  equal  quantities  of  tannic 
acid  and  acetic  acid,  dyestufifs,  such  as  Saffvaninv,  Methylene 
Blue,  Methyl  Violet,  etc.,  may  be  added  to  the  bath  for  shading 
purposes. 

Method  (5).     Tin  or  Tin  and  Tannin  Mordant. 
Enter  the  well-boiled  bleached  cotton  into  a  cold  bath  con- 
taining O'l  to  1  per  cent,  of  tin  salt  and  a  sufiQcient  quantity  of 
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hydrochloric  acid  to  prodoce  a  clear  bath;  work  for  }  honr,  lift, 
rinse  and  dye  cold  with  the  addition  of  1  to  2  per  cent,  acetic 
acid.    Wring  or  hydroextract  without  rinsing  and  dry. 

For  very  heavy  shades : — ^Mordant  with  2  to  8  per  cent,  tannic 
acid,  and  then  treat  with  the  tin  mordant  as  above,  rinse  and  dye 
at  104^  F.,  with  the  addition  of  2  to  3  per  cent,  alom,  or  1  to  2  per 
cent,  acetic  acid. 

Metliod  (6).  The  Rliodamines,  RosazeineSy  either  alone,  or  in 
combination  with  Auramine  SLnd  Safraninr,  ^ve  very  beautiful 
shades  when  dyed  on  one  of  the  following  Turkey-red  oil 
mordants. 

(1)  2  lbs.  of  bleached  and  dried  cotton  yarn  are  impregnated 
at  a  time  in  1  part  Turkey-red  oil  F  (Ba.),  and  2  parts 
water.  The  impregnation  is  carried  out  as  in  dyeing  Turkey- 
red  on  cotton  yam.  For  every  succeeding  2  lbs.  of  yarn 
sufficient  liquor  should  be  added  to  keep  the  volume  of  the 
impregnating  bath  constant.  After  impregnation  the  yam 
should  be  wrung  evenly  and  dried.  This  operation  may  be 
repeated  once  or  twice.  The  yam  is  dyed  in  the  cold  dyestuff 
solution,  wrung  or  hydroextracted  and  dried. 

(2)  Work  the  bleached,  dried  yarn  for  20  minutes  at  100°  P., 
in  a  solution  of  1  part  of  Turkey-red  oil  in  10  parts  of  water, 
wring  and  dry.  A  solution  of  soap  may  be  used  in  place  of  Turkey- 
red  oil.  Now  work  the  yarn  for  i  hour  at  120^  F.  in  aluminium 
acetate,  7°  to  10^  Tw.,  wring  and  dry,  or  rinse  thoroughly. 
The  yarn  is  finally  dyed  in  a  lukewarm  solution  of  Bhodamine, 
wrung  and  dried. 

Bhodamine  S  and  S  extra. 

For  bright  Pinks  the  yarn  is  mordanted  in  the  usual  manner 
with  tannic  acid,  wrung  and  passed  through  a  bath  containing 
20  gallons  of  aluminium  acetate,  9°  Tw.  per  100  gallons  of  liquor. 
Binse  and  dye  in  Bhodamine. 

Ithodarnine  60,  SO,  S,  Diamond  Green  0,  7i,  Methylene  Blues. 

Light  shades  may  be  dyed  with  basic  dyestuffs  in  the 
following  manner: — Bleach  the  cotton,  soap,  rinse  and  dye  in  a 
bath  containing  1  to  2  per  cent,  acetic  acid,  9"^  Tw.,  wring  without 
rinsing  and  dry.  The  harder  the  water  used  in  dyeing  the  more 
acetic  acid  will  be  required. 
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Indone  Blue,  Victoria  Blues,  Indoine  Blue,  Soluble  Blues, 
Dye  in  a  "  short "  lukewarm  bath,  with  the  addition  of  1  to  4  per 
cent,  alum,  bring  slowly  to  the  boil,  turn  the  steam  off  and  work 
for  a  short  time.  Wring  and  dry.  Indone  Blue  and  Indoine 
Blues  should  be  worked  for  J  hour  in  the  boiling  bath,  then 
slightly  rinsed  and  dried. 

Pure  Blues,  Water  Blues, 

Enter  the  boiled  out  cotton  into  a  bath  containing  the  requisite 
amount  of  dyestuff,  and  in  addition  about  10  lbs.  alum  and 
IJ  lbs.  soda  ash.  Work  just  below  boiling  point,  wring  and 
dry.     The  shades  obtained  are  very  brilliant  but  not  fast. 

Pure  Blue,  Victoria  Blue. 

Enter  the  cotton  at  the  boil  into  a  very  "  short  "  bath  contain- 
ing, besides  the  necessary  amount  of  dyestuff,  2  to  4  per  cent* 
alum,  or  1  to  2  per  cent,  aluminium  sulphate,  work  in  the  cool- 
ing bath,  wring  or  hydroextract  and  dry.  The  shades  produced 
are  not  fast  but  brilliant. 

Methylene  Blues,  Soluble  Blues. 

Work  the  cotton  for  ^  hour  in  a  luke  warm  bath  containing 
4  to  5  lbs.  of  soap  per  100  gallons,  wring  lightly  but  evenly,  then 
steep  in  a  cold  bath  containing  2  lbs.  stannous  chloride  per  100 
gallons.  Kinse,  wring  and  dye  in  a  lukewarm  bath  for  J  to  1 
hour,  with  the  addition  of  about  1  lb.  of  alum  per  100  gallons  of 
dye-liquor.    Wring  and  dry. 

Methyl  Cotton  Blue. 

Very  brilliant  shades  may  be  dyed  with  Methyl  Cotton  Blue  by 
working  the  bleached  yarn  for  ^  hour  at  122^  F.  in  a  bath 
containing  1  lb.  alum  and  i^  lb.  tartar  emetic,  and  the  necessary 
amount  of  dyestuff.    After  dyeing  wring  and  dry. 

Soluble  Blues,  Methyl  Soluble  Blue,  Methyl  Soluble  Blue  3S. 
See  method  on  p.  272  ("  Acid  Dyestuffs  "). 

It  should  be  mentioned  here  that  the  Soluble  BlueSy  including 
Cotton  Blues,  Methyl  Blues  jor  cotton,  Water  Blues,  China 
Blues,  Blackley  Blues,  etc.,  are  also  mentioned  along  with  the 
**  Acid  Dyestuffs,"  because  they  can  be  dyed  on  unmordanted 
cotton  as  well  as  on  cotton  mordanted  with  tannic  acid  and 
tartar  emetic. 

B.D.  o 
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The  following  dyestuflfs  may  be  dyed  either  on  a  tannic  acid 
mordant  or  direct :  Direct  Grey^  Grey  and  Special  Grey  (Poir  ). 

Dyeing  of  Cops  and  Cheeses   with  the  Basic  Dyestu^s. 

Both  the  "packing  system'*  and  the  "perforated  skewer 
system  "  of  machines  may  be  used  for  mordanting  and  dyeing 
oops  and  cheeses  with  the  basic  cotton  dyesluffs.  After 
circulating  the  hot  tannin  solution  for  some  time  the  cops 
are  hydroextracted  and  placed  back  into  the  machine.  The 
lukewarm  tartar  emetic  solution  is  now  circulated  for  some 
time,  and  after  this  the  cops  are  thoroughly  rinsed.  An  addi- 
tion of  a  small  quantity  of  Turkey-red  oil  or  Monopole  soap  to 
the  tannin  bath  assists  the  penetration  in  a  very  marked  degree. 

It  is  also  of  advantage,  in  some  instances,  to  soap  the  cops 
after  mordanting,  in  order  to  remove  all  the  loosely  held  tannin 
lake.     It  is  not  necessary  to  rinse  after  the  soaping. 

Acetic  acid  or  alum  should  always  be  added  to  the  dye-bath. 
The  dyeing  should  be  commenced  cold,  and  only  a  small  portion 
of  the  dyestuflf  should  be  added  at  the  beginning.  After  the 
liquor  has  been  allowed  to  circulate  for  some  time,  the  tempera- 
ture may  be  gradually  raised  and  the  remainder  of  the  dyestuflf 
added  slowly. 

Dyeing  of  Cotton   Warps  with  the  Basic  Dyestujs. 

When  dyeing  very  heavy  shades  the  warps  should  be  impreg- 
nated with  the  hot  tannin  solution  in  a  machine  similar  to  the 
ordinary  warp  dyeing  machine,  and  then  steeped  in  the  tannin 
solution  overnight.  For  lighter  shades  a  passage  through  a  6-box 
machine  will  give  satisfactory  results.  The  first  two  boxes  are 
charged  with  the  tannin  solution,  the  next  two  with  the  solution 
of  tartar  emetic  or  antimony  salt,  with  the  addition  of  a  small 
quantity  of  chalk,  whilst  the  last  two  boxes  are  used  for  rinsing 
in  running  water. 

Soaping  after  mordanting  will  also  be  found  of  advantage  in 
the  case  of  warps,  especially  if  the  yarn  is  very  hard  twisted, 
and  if  dyestufTs  are  used  which  exhaust  too  quickly.  Acetic  acid 
or  alum  should  be  added  to  the  dye-bath.  The  first  end  should 
be  given  cold,  and  only  a  small  portion  of  the  dyestuflf  solution 
ought  to  be  added.     The  dyestuflf  solution  may  then  be  added 
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continuously  whilst  the  warps  are  running  through  the  machine. 
The  temperature  of  the  dye-bath  should  be  gradually  raised  after 
each  end. 

Dychuf  of  Cotton  Piecegoods  with  the  Basic  Dyestuffs. 

Cotton  piecegoods  may  be  mordanted  with  the  tannin  solution 
either  in  the  padding  machine  or  in  the  jigger.  Enter  the 
goods  hot  and  allow  to  run  for  about  1  hour  whilst  the  bath  is 
cooling.  The  fixing  with  a  cold  or  lukewarm  solution  of  tartar 
emetic  maybe  carried  out  in  the  jigger,  in  the  padding  machine, 
or  in  an  open  soaper.  If  two  ends  are  given  in  the  jigger  or  in 
the  padding  machine  it  is  advisable  to  add  one-half  of  the  tartar 
emetic  solution  at  each  end.  After  fixing  rinse  well.  The 
dyeing  is  usually  conducted  in  the  jigger.  Large  jiggers,  which 
enable  working  with  very  dilute  dyestufif  solutions^  are  best 
suited  for  this  purpose.  The  usual  addition  of  either  acetic  acid 
or  alum  having  been  made  to  the  dye-bath,  a  small  portion  of  the 
dyestufif  solution  is  added,  and  the  first  end  given  cold.  Another 
portion  of  the  dyestuff  solution  is  now  added,  and  the  pieces  are 
given  the  second  end,  cold.  After  this  the  dyestufif  solution  is 
added  in  equal  portions  at  each  end,  and  the  bath  is  gradually 
heated  to  150°  to  200°  F.  In  some  cases  it  is  advisable  to  give 
the  pieces  two  ends  in  the  cold  dye-bath  containing  the  acetic 
acid  only,  before  the  dyestufif  solution  is  added. 
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PART  IX 

SUBSTANTIVE  COTTON  DYESTUFFS 

In  the  following  tables  the  figures  before  the  name  of  a 
dyestuff,  e.g.  (1,  2c,  8,  5),  indicate  the  principal  methods  of 
dyeing  and  after-treatment,  whilst  the  letters  after  the  name, 
e.g.,  (Ba.))  denote  the  name  of  the  maker  or  makers. 

Methods  of  Dyeing  and  After-treatment. 

(1)  Direct. 

(2)  Direct ;  diazotised  and  developed  with  : — 

(a)  Phenol  (Developer  J,  Yellow  Developer). 

(b)  Alpha-naphthol  (Maroon  Developer). 

(c)  Beta-naphthol  (Developer  A). 

(d)  Resorcine  (Developer  F,  Orange  Developer). 

(e)  Meta-toluylene  diamine  (Developer  H). 

(f)  Nerogene  D  (Be.). 

(g)  Oxamine  Developer  B  (Ba.). 
(h)  Oxamine  Developer  M  (Ba.). 
(i)  Oxamine  Developer  E  (Ba.) . 
(j)  Soda. 

(k)  Amidonaphtholsulphonic   acid  [Blue  Developer  AN 

(Ca.),  Developer  G]. 
(1)  Amidodiphenylamine  [Fast  Blue  Developer  AD  (Ca., 

H.)]. 
(m)  Beta-naphtholsulphonic  acid  (Schaeffer's  acid), 
(n)  Meta-phenylene  diamine, 
(o)  Ethyl    beta-naphthylamine     [Developer  B,    Claret 

Developer], 
(p)  Bordeaux  Developer  (ML.,  Ca.). 
(q)  Naphthylamine  ether  powder  (Ca.). 
(r)  Naphthylamine  ether  N  powder  (Ca.). 

(3)  Direct;    coupled  with  diazotised  paranitraniline  [Nitro- 

samine  Bed  (Ba.),  Nitrazol  (Ca.),  Azophor  Bed  (ML.) 
etc.] . 
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(4)  Direct ;  developed  with  bichromate. 
(6)  Direct ;  developed  with  copper  sulphate. 

(6)  Direct ;  developed  with  copper  sulphate  and  bichromate. 

(7)  Direct ;  soda  must  not  be  added  to  the  dyebath. 

(8)  Direct ;  treated  with  formaldehyde. 

(9)  Direct ;  treated  with  Solidogen  A. 

(10)  Direct;    developed  with    chromium  fluoride,  or  chrome 

alum. 

(11)  Direct ;  developed  with  bleaching  powder  solution. 


YBLitOws  AND  Oranges. 

(1)  Alkali  Fast  Yellow  (Da.). 

(1)  Alkali  Iieather  Yellow  (Da.). 

(1)  Alkali  Oranges  (Da.). 

(1)  AlkaU  Yellows  (Da... 

(1)  Aurophfinine  (ML.). 

(1)  Azidine  Fast  Yellow  CJ,  G  (J.). 

(1)  Azidine  Oranges  (J.). 

(1)  Azidine  Yellows  (J.). 

(1)  Benzamin  Fast  Yellow  (Da.). 

(I)  Benzo  Fast  Orange  (By.). 

(1)  Benzo  Fast  Yellows  (By.). 

(I)  Benzo  Orange  (By.). 

(1)  Boston  Direct  Yellow  (Sch.). 

(1)  Brilliant  Orange  (Be.). 

(1)  Brilliant  Pure  Yellows  (By.). 

(1)  Buffalo  Direct  Orange  (Sch.). 

(1)  Buffalo  Direct  Yellows  (Sch.). 

(1)  Chicago  Orange  (G.). 

(1)  Chloramine  Orange  (By.). 

(1)  Chloramine  Yellow  (By.,  Sa.). 

(1)  Chlorantine  Orange  (CI.). 

(1)  Chlorantine  Yellows  (CI,). 

(1,  2c)  Chlorazol  Fast  Yellows  (H.). 

(I)  Chlorophenine  (C). 

(1)  Chlorophenine  Orange  (C). 

(1)  Chrcmine  (OSF.). 

(1,   3,   5,  6,    10)  Chrysamines  (Be., 

By.,  Leo.,  Lev.,  OSF.,  Sa.,  W.). 
(1)  Chrysobarino  (W.). 
(1,  5)  Chrysophenine  (Be.,  By.,  Ka., 

Leo.,  Lev.,  OSF.,  Sa.). 
(1)  Clayton  Yellow  (C). 
(1)  Columbia  Orange  (Be.). 
(1)  Columbia  Yellow  (Be.). 


(1)  Congo  Orange  E,  Qt  (Be.,  By., 

Lev.). 
(1,  5)  Cotton  Orange  (Ba.). 
(1,  3,  5,  6,  7)  Cotton  Yellows  (Ba., 

CI.). 
(1)  Curcumine  (Be.,  Leo.). 
(1)  Diamine  Fast  Orange  (Ca.). 
(1,3)  Diamine  Fast  Yellow  A  (Ca.). 
(1)  Diamine  Gold  (Ca.). 
(1,3)  Diamine  Nitrazol  Orange  (Ca.). 
(1,  5,  6)  Diamine  Oranges  (Ca.). 
(1,  10)  Diamine  YeUow  N  (Ca.). 
(1)  Dianil  Direct  Yellow  (ML.). 
(1,  3,  9)  Dianil  Orange  (ML.). 
(1)  Dianil  Pure  Yellow  (ML.) 
(1,  8)  Dianil  Yellows  (ML.). 
(1)  Dianol  Fast  Yellows  (Lev.). 
(1)  Dianol  Yellow  Y  (Lev.). 
(1,  2o)  Diazo  Brilliant  Oranges  (By.). 
(1,  3)  Diazogen  Orange  (J.). 
(1)  Diphenyl  Chlorine  Yellow  (G.). 
(1)  Diphenyl  Chrysoines  (G.). 
(1)  Diphenyl  Citronine  (G.). 
(1)  Diphenyl  Fast  Yellow  (G.). 
(I)  Diphenyl  Oranges  (G.). 
(I)  Diphenyl  Phosphine  (G.). 
(1)  Diphenyl  Yellow  (G.). 
(1)  Direct  Brilliant  Orange  (Leo.). 
(1)  Direct  Brilliant  Yellow  (Sch.). 
(I)  Direct  Fast  Yellows  (Leo.,  Sch.). 
(1)  Direct  Orange  (CI.,  Poir.,  Sch.). 
(1,  3,  6)  Direct  Orange  (Kanthorine) 

(CL). 
(1,6)  Direct  Yellow  CR  (CI). 
(1)  Direct  Yellows  (Be.,  By.,  C,  CL, 
J.,  Leo.,  Oe.,  Poir.,  Sch.). 
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(1)  Fast  Yellow  R  (CL). 

(1,8)  Formal  Orange  (G.). 

(1,8)  Formal  Yellow  (O.). 

(1)  Hesi'ian  Orange  (Leo.). 

(1)  Kresotine  Yellows  (Oe.,  ML.). 

(1)  Mikado  Golden  Yellow  (Be., 

Leo.). 
(1)  Mikado  Oranges  (Be.,  Leo,). 
(1)  Mikado  Yellows  (Be.,  Ijeo.). 
(1)  Mimosa  (G.). 
(1)  Naphthamine  Orange  R,   2R 

(Ka.). 
(1)  Naphthamine    Orange    TG,  TR 

(Ka.,  OSF.). 
(1)  Naphthamine  Pure    Yellows 

(Ka.). 
(1)  Naphthamine    Yellows  (Ka., 

OSF.). 
(1)  New  Yellow  IV  (Sa.). 
(1)  New  Yellow  for  Cotton  (Da.) 
(1)  Niagara  Fast  Orange  3R  (Sch.). 
(1)  Nitrophenine  (C). 
(1)  Orange  TA  (Be.). 
(1)  Oriol  (G.). 

(1)  Oefamine  Orange  (OSF.). 
(1,  3,  5,   6)    Oxy  Diamine    Orange 

(Ca.). 
(1)  Oxy  Diamine  Yellows  (Ca.). 
(1)  Oxy  Dianil  Yellow  (ML.). 
(1)  Oxypheniiies  (C). 
(1,  3)  Para  Orange  (By.). 
(1,3)  Para  Yellow  (By.). 
(1,  3)  Paranil  Yellow^Be.). 
(1)  Phenine  Yellow  (Poir.). 
(1)  Pluto  Orange  (By.) 
(1,  2a,  2c,  2d,  2j,  2m,  3,  11)  Poly- 

chromine  (G.). 
(1)  Polyphenyl  Orange  (G.). 
(1)  Polyphenyl  Yellows  (O.). 
(1,  2a.  2c,  2d,  2j,  2m,  2n,  2p,  3,  11) 

Primuline  (Be.,  C,  Ca.,  H.,  Ka., 

Leo.,  ML.,  Oe.,  Osf.,  W.)  ;  [Yellow 

PR    superfine    (By.) ;     Polychro- 

mine  (G.) ;  Thiochromogeno  (Da.)]. 
(1,  3)  PjTamine  Orange  (Ba.). 
(1,8)  Pyramine  Yellow  (Ba.). 
(1)  Pyrazol  Orange  (Sa.). 
(1,  3,  4)  Renol  Orange  (W.). 


(I)  ftenol  Yellows  (W.). 

(1)  Rosanthrene  Orange  (CI.). 

(1)  Stilbene  Orange  (C). 

(1)  Stilbene  Yellows  (Ba.,  C). 

(1,  2a,  2b,  2c,  2d,  2g,  2h,  2i,  2j,  11) 

Sulphines  (Ba.). 
(1,  3)  Sultan  Orange  (H.). 
(1)  Sultan  Yellow  (H.). 
(1)  Sun  Yellow  (G.,  H.,  Sa.). 
(1,  3)  Thiazol  Yellows  (By.,  Be.,  CI., 

Sa.). 
(1,  2c,  11)  Thiochromogone  (Da.). 
(1)  Thioflayine  S  (Ca.). 
(1,  2c)  Titan  Orange  (H.). 
(1)  Titan  Yellow  (H.). 
(1)  Toluylene  Fast  Orange  (By.). 
(1,   3,  4,   5,  6)  Toluylene    Oranges 

(Be.,  By.,  Leo.,  ML.,  Oe.,  Sa.). 
(1)  Toluylene  Yellow  (By.,  Oe.). 
(1)  Triazol  Fast  Yellow  2G  (Oe.). 
(1)  Triazol  Yellow  G  (Oe.). 
(1)  Turmerine  (CI,). 
(1)  Vesuvine  Orange  R,  2R  (Lev.). 
(1)  Yellow  (By.,  Ca.,  Ka.). 
(1,   2a,  2c,   2d,   2j,   2m,    2n,   3,  11) 

Yellow  PR,  superfine  (By.). 

Reds. 

(1)  Acotopurpurine  (Be.). 

(I)  AlkaH  Clarete  (Da.). 

(1)  Alkali  Pinks  (Da.). 

(1)  Alkali  Purples  (Da.). 

(1)  Alkali  Reds  (Da.). 

(1)  Azidino  Bordeaux  (J.). 

(1)  Azidine  Brilliant  Red  (J.). 

(1)  Azidine  Corinth  (J.). 

(1,  2c)  Azidine  Fast  Red  (J.). 

(1)  Azidine  Fast  Scarlets  (J.). 

(1)  Azidino  Purpurines  (J.). 

(1)  Azidine  Reds  (J.). 

(1)  Azidine  Red  Brown  (J.). 

(1)  Azidine  Scarlet  (J.). 

(1, 10)  Benzamine  Fast  Red  (Da.). 

(1)  Benzamine  Maroon  (Da.). 

(1)  Benzo  Bordeaux  (By.). 

(1)  Benzo  Fast  Bordeaux  (By.). 

(1)  Benzo  Fast  Vink  (By.). 

(1)  Benzo  Fast  Reds  (By.). 
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1,  0,  10)  lionzo  Fast  Rod  FC  (By.). 

1)  IJen/x)  Fftst  llubine  (By.)- 

1)  Benzo  Fac-t  Scarlets  (By.). 

1)  Benzo  New  Re<l  (By.). 

1,  3)  Benzo  Nitrol  Bordeaux  (By.). 

1)  Benzopurpurioes  (Be.,    By.,  11., 

Ka.,  Leo.,  Lev.,  Oe.,  OSF.,  Sa.,  W.); 

[Cotton  RedH    (Oe.,    W.)  ;  Sultan 

(II.) ;  Dianil  Heds  (ML.) ;  Diamine 

Red  4B  (Ca.)]. 
1,  5,  6)  Benzo  Red  12B  (By.). 
1)  Benzo  Reds  (By.). 
1)  Bonzo  Rhoduline  Reds  (By.). 
I)  Benzo  Rubine  (By.). 
1)  Bonzo  Scarlet  (By.). 
I)  Blackley    Scarlets    extra    cone. 

(Lev.). 
I)  Bordeanx  COV  (We,). 
1)  Brilliant  Congo  (Be.,  By.,  Leo., 

Lev.,  Sa,). 
1,  9)  Brilliant  Dianil  Red  (ML.). 
1)  Brilliant  Geranines  (By.). 
1)  Brilliant  Purple  (Leo.). 
1)  Brilliant    Purpurine    (Be.,    By., 

Lev.). 
1)  Buffalo  Direct  Cardinal  (Sch.). 
I)  Buffalo  Direct  Crimson  (Sch.). 
1)  Buffalo  Direct  Garnet  (Sch.). 
1)  Buffalo  Direct  Pink  (Sch.). 
I)  Buffalo  Direct  Red  4B  (Sch.). 
I)  Chicago  Red  (G.). 
1)  Chloramine  Reds  (By.,  Sa.). 
1)  Chlorantine  Pink  (CL). 
I)  Chlorantine  Red  4B,  8B  (CL). 
1)  Chlorazol  Fast  Red  (H.). 
1,  3,  10)  Chlorazol  Red  (II.). 
I)  Columbia  Bordeaux  (Be.). 
I)  Columbia  Fast  Scarlet  (Be.). 
1)  Congo  Corinth  G,  B   (Be.,   By., 

Leo.,  Lev.,  Sa.) ;  [Cotton  Corinth 

(Ba.) ;  Dianil  Bordeaux  (ML,)]. 
1)  Congo  Magenta  (Sa.). 
1)  Congo  Reds,  Congo  4R  (Be.,  By., 

Ka.,  Lev.,  Sa.). 
I)  Congo  Rubine  (Be.,    By.,    Ka., 

TjCo.,  Lev.,  OSF.). 
1)  Cosmos  Red  (Ba.). 
1)  Cotton  Corinth  (B:i,,  Oe.). 


(1,  2o)  Cotton  Fast  Reds  (Ka,). 

(1)  Cotton  Rods  (Ba.,Oe.,  Poir.,W.). 

(1)  Cotttm  Rubine  (Ba.). 

(1)  Crumpsall  Direct  Fast  Red  R,  Y 
(Lev.). 

(1)  Delta  Direct  Red  oB  (Sch.). 

(1,  9)  Deltapurpurines  (By.,  Ka., 
Jjeo.,  Lev.,  ML.,  OSF.,  Sa.). 

(1,  2c)  Diamine  Azo  Bordeaux  (Ca.). 

(1, 2c)  Diamine  Azo  Scarlet  A,  B 
(Ca.). 

(1)  Diamine  Bordeaux  (Ca.). 

(1)  1  diamine  Brilliant  Bordeaux  (Ca.). 

(1)  Diamine  Brilliant  Rubine  (Ca.). 

(1)  Diamine  Brilliant  Scarlet  (Ca.). 

(1)  Diamine  Cotton  Red  A,  3R(Ca.). 

(1,  10)  Diamine  Fast  Red  (Ca.). 

(1)  Diamine  Fast  Scarlets  (Ca.). 

(1,  3)  Diamine  Nitrazol  Bordeaux 
(Ca.). 

(1,3)  Diamine  Nitrazol  Scarlet  (Ca.). 

(I)  Diamine  Purpurines  (Ca.). 

(1)  Diamine  Reds  (Be.,  Ca.). 

(1)  Diamine  Rose  (Ca.). 

(1)  Diamine  Rubine  (Ca.). 

(1)  Diamine  Scarlets  (Ca.). 

(1)  Diamine  Violet  Red  (Ca.). 

(1,9)  Dianil  Bordeaux  (MIj.). 

(1,  10)  Dianil  Fast  Red  (xML.). 

(1)  Dianil  Fast  Scarlets  (ML.). 

(I)  Dianil  Garnet  (ML.). 

(I)  Dianil  Pink  (ML.). 

(1,  9)  Dianil  Ponceau  (ML.). 

(1,  9)  Dianil  Reds  (ML.). 

(1)  Dianol  Brilliant  Reds  (Lev.) ; 
[Toluylene  Red  (Oe.) ;  Aceto  Pur- 
purine (Bo.) ;    Diphenyl  Red  8B 

(O.)]. 
(1)  Dianol  Fast  Bordeaux  (Jjev.). 
(1)  Dianol  Fast  Clarets  (Lev.). 
(1)  Dianol  Fast  Reds  (Lev.) 
(1)  Dianol  Fast  Scarlets  (Lev.). 
(1)  Dianol  Scarlets  (Lev.). 
(1,  2c)  Diazo  Bordeaux  7B  (By.). 
(1,  2c)  Diazo  Brilliant  Scarlets  (By.). 
(1,  2c)  Diazo    Fast     Bordeaux    BL 

(By.)- 

(1,  2c)  Diazo  Fast  Red  7BL  (By.). 
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(1,  2c)  Diazo  Qeranine  B  extra  (By.). 

(1,  2c)  Diazo  Rubine  B  (By.). 

(1,  2c)  Diazogen  Bordeaux  (J.). 

(1,  2c)  Diazogen  Corinth  (J.). 

(1,  2c)  Diazogen  Reds  (J.). 

(1,  2c)  Diazogen  Scarlet  (J.). 

(I)  Diphenyl  Blue  Red  (G.). 

(1)  Diphenyl  Fast  Bordeaux  [Or,). 

(1)  Diphenyl  Fast  Reds  (G.). 

(1)  Diphenyl  Purpurine  extra  (G.). 

(1)  Diphenyl  Red  8B,  extra  (G.). 

(1)  Direct  Acid  Reds  (Da.). 

(1)  Direct  Bordeaux  (Leo.). 

(1)  Direct  Brilliant  Bordeaux  (Leo.). 

(1)  Direct  Brilliant  Red  lOB  (Sch.). 

{1,2c)  Direct  Fast  Acid  Reds  (Da.). 

(1)  Direct  Pinks  (CL). 

(1)  Direct  Pink  new  (G.). 

(1)  Direct  Reds  (Leo.). 

(1)  Direct  Saffranine  (CI.). 

(1)  Erioas  (Be.,  Leo.,  Lev.,  Sa.).    , 

(1,  2c)  Fast  Cotton  Reds  (Da.). 

(1)  Fast  Red  8BL  (By.). 

(1,  8)  Formal  Red  (G.). 

(1)  Geranines  (By.). 

(1,  10)  Hessian  Fast  Red  (Ijoo.). 

(1,  10)  Hessian  Fast  Rubine  (Leo.). 

(1)  Hessian  Purple  (By.). 

(1)  Naphthamine  Bordeaux  R(OSF.). 

( 1 )  Naphthamine  Fast  Scarlets  (Ka. ) . 

(1)  Naphthamine  Red  (Ka.). 

(1,  10)  Naphthamine  Red  H  (OSF.). 

(1)  Naphthamine  Scarlets   (Ka., 

OSF.). 
(1)  Niagara  Fast  l^eds  (Sch.). 
(1)  Niagara  Fast  Scarlet  (Sch.). 
(1,  5)  examine  Clarets  (Ba.). 
(1)  Oxamine  Fast  Claret  (Ba.). 
(1,  10)  Oxamine  Fast  Red  (Ba.). 
(1 ,  8)  Oxamine  Garnet  (Ba.). 
(1,  3,  c,  6)  Oxamine  Red  (Ba.). 
(1)  Oxamine  Red  3B  (Ba.). 
(1,  3)  Para  Garnet  G  (By.). 
(1,3)  Paranil  Bordeaux  (Be.). 
(1,  3)  Para  Scarlet  G,  extra  (By.) 
(1)  Red  for  Cotton  4B  (J.). 
(1,  2c)  Renolamine  Red  (W.), 
(1)  Renol  Bordeaux  (W.). 


(1)  Renol  BriUiant  Red  (W.). 

(1)  Renol  Corinth  (W.). 

(1)  Renol  Fast  Scarlet  (W.). 

(1,3)  Renol  Orange  R  (W.). 

(1)  Renol  Pinks  (W.). 

(1)  Renol  Rosamine  (W.). 

(1)  Renol  Rubine  (W.). 

(1,  2c)  Rosanthrene  (CL). 

(1,  2c)  Rosanthrene  Bordeaux  (CL). 

(1)  Rosazurines  (Be.,  By.). 

(1)  Rosophenines  (C). 

(1)  Rosophenine  Pink  (C). 

(1)  Salmon  Red  (Be.). 

(1,  5)  Saint-Denis  Red  (Poir.). 

(1)  Scarlet  for  Cotton  (J.). 

(1,  8)  Sultan  (H.). 

(1,  8)  Sultan  Scarlet  (H.). 

(1)  Thiazine  Reds  (Ba.). 

(1,8)  Titan  Pink  (H.). 

(1)  Toluylene  Bordeaux  B  (Oe.). 

(1)  Toluylene  Red  (Oe.). 

(1)  Triazol  Bordeaux  B  (Oe.). 

(1)  Triazol  Corinth  B  (Oe.). 

(1)  Triazol  Fast  Red  C  (Oe.). 

(1)  Triazol  Red  lOB  (Oe.). 

Blues  and  Violets. 

(1)  Acetylene  Blues  (CL). 

(1,5)  Acetylene  Sky  Blue  (CL). 

(1)  Alkali  Azo  Blues  (Da.). 

(1,  2c)  Alkali  Azo  Violets  (Da.). 

(1,5)  Alkali  Azurines  (Da.). 

(1)  Alkali  Brilliant  Blues  (Da.). 

(1,  6)  Alkali  Chrome  Blues  (Da.). 

(1)  Azidine  Black-Blue  (J.). 

( I )  Azidine  Blues  (J.). 

(1)  Azidine  Sky-Blue  FF  (J.). 

(1,  2c)  Azidine  Violet  DV  (J.). 

(1)  Azo  Blue  (Be:,  By.,  Lev.). 

(1,  2c,  2e)  Azo  Mauve  B,  R  (Oe.). 

(1)  Azo  Navy  Blue  B  (Oe.). 

(\,  o)  Azo  Violet  (Be.,  By.). 

(1)  Benzamine  Blues  (Da.). 

(1,  7)  Benzamine  Pure  Blues  (Da.). 

(1)  Benzamine  Violet  (Da.). 

(1,  5,  6)  Benzoazurines  (Be.,  By., 
CL,  Ka.,  lieo..  Lev.,  Oe.,  OSF., 
Sa.) ;  [Oxamine  Blues  (Ba.)]. 
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(1,  2c)  Benzoazmine  3E  (By.). 
(1)  Benzo  Black  Blue  (By.). 
(1,  5)  Benzo    Blues   (By.)  ;  [Congo 
Blues  (Be.) ;  Diamine  Blues  (Ca.)]. 
(1,  6)  Benzo  Chrome  Black-Blue  B 

(By.). 
(1,  5,  6)  Benzo  Copper  Blues  (By.). 
(1,  5)  Benzo  Cyanines  (By.). 
(1)  Benzo  Fast  Blue  (By.). 
(1)  Benzo  Fast  Heliotrope  (By.). 
(1)  Benzo  Fast  Violets  (By.). 
(1,  4,  5,  6)  Benzo  Indigo  Blue  (By.). 
(1)  lienzo  Navy  Blue  (By.). 
(1)  Benzo  New  Blue  (By.). 
(1)  Benzo  Bed  Blue  (By.). 
(1,  5)  Benzo     Sky      Blues     (By.)  ; 
[Diamine  Sky  Blue  (Ca.) ;  Congo 
Sky  Blues  (Be.)]. 
(1)  Benzo  Steel  Blue  (By.). 
(1)  Benzo  Violets  (By.). 
(1)  Betamin  Blue  8B  (Oe.). 
(1,  5,  6)  Brilliantazuxines  (Be.,  By.). 
(1,  5,  6)  BriUiant   Benzo    Blue    6B 
(By.);    [Diamine   Sky   Blue  FP 
(Ca.);  Chicago  Blue  6B (Be.)]. 
(1,5)  Brilliant  Benzo  Violets  (By.). 
(1)  Brilliant  Congo  Blues  (Be.). 
(1)  Brilliant  Congo  Violet  (Be.). 
(1)  Brilliant  Fast  Blues  (By.). 
(1,  7)  BriUiant  Sky  Blues  (By.). 
(1)  Buffalo  Direct  Blue  (Sch.). 
(1)  Buffalo  Direct  Violets  (Sch.). 
(1)  CJhicago  Blue  2R,  4E  (Be.). 
(1,  3)  Chicago  Blue  B,  E  (Be.,  By.). 
(1,  6)  Chicago    Blue   B,   EW    (Be., 

By.). 
(1)  Chloramine  Blues  (Sa.). 
(1)  Chloramine  Sky  Blues  (Sa.). 
(1.  6)  Chloramine  Violet  (By.,  Sa.). 
(1)  Chlorantine  Lilac  (CI.). 
(1)  Chlorantine  Pure  Blue  (CI.), 
(1,  6,  6.  8)  Chlorazol  Blues  (H.). 
(1,  5,  6,  8)  Chlorazol  Brilliant  Blues 

(H.). 
(1,8)  Chlorazol  Dark  Blues  (H.). 
(1,  3,  8)  Chlorazol  Dark  Navy  (H.). 
(I,  5,  6,  8)  Chlorazol  Fast  Blue  (H.). 
(1,  5,  6)  Chlorazol  Sky  Blue  (H.). 


(1,  3)  Chlorazol  Violets  (11.). 

(1)  Columbia  Blue  (Be.). 

(1)  Columbia  Fast  Blues  (Be.). 

(1)  Columbia  Violets  (Be.). 

(1,  6)  Congo  Blue  (Be.). 

(1)  Congo  Fast  Blues  (Be.). 

(1)  Congo  Sky  Blue  (Be.). 

(1,  5)  Cotton  Blue  (CI.). 

(1)  Cotton  Pure  Blue  (Be.). 

(1,  2c,  2r)  Diamine  Azo  Blues  (Ca.). 

(1,  3,  5,   6)    Diamine  Bengal  Blue 
(Ca.). 

(1,  2b,  2c,  5,  6)  Diamine  Blues  (Ca.). 

(1,  3)  Diamine  Blue  NC  (Ca.). 

(1,  2b,  2c,  2d,  2k,  21,  2m)  Diamine 
Blue  2B,  3B,  BH  (Ca.). 

(1,   0,   6)  Diamine    Brilliant    Blue 
(Ca.). 

(1)  Diamine  BriUiant  Violet  (Ca.). 

(1)  Diamine  Cyanine  (Ca.), 

(1,  2c,  4,  5,  6,    10)  Diamine  Dark 
Blue  (Ca.). 

(1,  5,  6)  Diamine  Deep  Blue  (Ca.). 

(1,  5)  Diamine  Fast  Blue  (Ca.). 

(1)  Diamine  Fast  Brilliant  Blue  E. 

Pat.  (Ca.). 
(1)  Diamine  Fast  Violets  (Ca.). 
(1,  2c)  Diamine  HeUotrope  (Ca.). 
(1,  5,  6)  Diamine  New  Blue  (Ca.). 
(1)  Diamine  Pure  Blues  (Ca.). 
(1,  o)  Diamine  Sky  Blues  (Ca.). 
(1,  5,  6)  Diamine  Sky  Blue  FF  (Ca.). 
(1)  Diamine  Steel  Blue  (Ca.). 
(1)  Diamine  Violets  (Ca.). 
(1,  2c,  3,  6,  6,7, 10)  Diamineral  Blue 

(Ca.). 
(1,  2c,  5)  Die^minogene  Blue  BB,  G, 

NA,  NB,  6RN,  (Ca.). 
(1,  2c,  5)  Diaminogene  Dark  Blue, 

(Ca.). 
(1,  2c,  5)  Diaminogene  Sky  Blue  N, 

(Ca.). 
(1,  5)  DianU  Azurine  (ML.). 
(1,  5)  Dianil  Blue  BX  (MIj.). 
(1,  9)  Dianil  Blues  (ML.). 
(1,9)  DianU  Dark  Blues  (ML.). 
(1,  5,  9)  DianU  Indigo  (ML,). 
(1)  DiauU  Violet  (ML.). 
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(1)  Dianol    Blue  3B,   2B,   BX,  4R, 

G.  (Lev.). 
(1,  2c,  2n)  Dianol  Blue  BII  (Lov.). 
(1, 4,  5,  G)  Dianol  Blue  RW  (Lev.). 
(1,  4,  5,  6)  Dianol  Brilliant  Blues 

(Lev.). 
(1)  Dianol  Brilliant  Violet  2R  (Lev.). 
(1)  Dianol  Dark  Blue  N  (I^v.). 
(1)  Dianol  Fast  Bluas  (FiCv.). 
(1)  Lianol  Sky  Blues  (Lev.). 
(L  2c,  2n)  Dianol  Steel  Blue  (Lev.). 
(1)  Dianol  Violet  N,  2B,  R  (Lev.). 
(I,   2c,  2k,   5)   Diazo    Black    BHN 

(By.). 
(1,  2c,  5)  Diazo  Blue  3R  (By.). 
(1,  2c)  Diazo  Blue-Black  (By.). 
(1,  2c,  5)  Diazo    Fast   Black  B,  .3B 

(By). 

(1,  2c)  Diazo  Fast  Violet  BL,  3RL, 

(By.). 

(1,  2c,  5)  Di:izo  Indigo  Blues  (By.). 
(1,  2c,  2e)  Diazo  Navy  Blue  B,  G,  R 

(Oe.). 
(1,   2c,  5)   Diazo    Navy    Blue,    3B 

(By,). 
(1,  2c)  Diazo  Red  Blue  3R  (By.). 
(1,  2c)  Diazo  Sky  Blues  (By.). 
(1,  2c)  Diazogeii  Violet  5R  (J.). 
(1,7)  Diphenyl  Blues  (G.). 
(1)  Diphenyl  Blue-Black  (G.). 
(1)  Diphenyl  BriUiant  Blue  (G.). 
(1)  Diphenyl  Fast  Blues  (G.). 
(1)  Diphenyl  Fast  Violets  (G.). 
(1)  Diphenyl  Violete  (G.). 
(1)  Direct  Blues  (CI.,  Poir.). 
(1,  5)  Direct  Blues  (Leo.). 
(1)  Direct  Dark  Blue  (Leo.). 
(1)  Direct  Fast  Blue  (Leo.). 
(1,  2c,  2e)  Direct  Indigo  Blues  (PL). 
(1,  2c,  2e)  Direct  Indone  Blue  (Sa.). 
(1,  5)  Direct  Sky  Blue  (CI.). 
(1)  Direct  Violets  (CI.,  Poir.). 
( 1 )  Eboli  Blues  (Leo.). 
(1)  Eboli  Dark  Blues  (Leo.). 
(1)  Eboli  Sky  Blues  (Leo.). 
(I)  Erie  Blue  (Be.). 
(1,  S)  Formal  Blues  (G.). 
(1)  Heliotrope  (Be.,  By.,  Lev.). 


(1,  2c)  In.ligonoBlue'j(('r.). 

(1)  L^amine  Blues  (Ca.). 

(1,  2c,  2e)  Melanthrenine    BII,    BO, 

RO,nW,JII,  ((!.). 
(1,  2c,  2e)  Melogene  Blue  (Sa.). 
(1)  Naphthamine  Blues  (Ka.,  OSF.). 
(1,  2c,  2e,  3)  Naphthamine  Blue  BE., 

GE,  3RE  (Ka.,  OSF.). 
(I)  Naphthamine      Brilliant    Blues 

(Ka.). 
(1)  Naphthamine  Sky  Blue  (OSF.). 
(1)  Naphthamine  Vi(»lets(Ka.,  OSF.). 
(1)  Naphthazurine  B,  BB  (Oe.). 
(1,  2c)  Naphthogene  Blues  (Be.). 
(1)  Niagara  Blues  (Sch.). 
(1,  5)  Niagara  Blue  6B(Sch.). 
(1)  Niagara  Fast  Blues  (Sch.). 
(1)  OpaHne(CL). 
(1)  Osf amine  Blues  (OSF.). 
(I)  Osfamine  Violets  (OSF.). 
(I)  Osfanil  Blues  (OSF.). 
(I,  5)    Osfanil  Pure  Blue  (OSF.). 
(1)  Osfanil  Violet  RB,  CO  (OSF.). 
(1)  Oxamine  Black  BHN  (Ba.). 
(1,  5)  Oxamine  Blues  (Ba.). 
(1,  2i,  3,  5,  6)    Oxamine   Blue  BG 

(Ba.). 
(I,   2c,   2g,    2i)   Oxamine  Blue  3R. 

4R,  B,  G  (Ba.). 
(1,5)  Oxamine  Copper  Blue  (Ba.). 
(I,. 5)  Oxamine  Dark  Blues  (Ba.). 
(1)  Oxamine  Pure  Blues  (Be.). 
(1, 2c,  2g,  2i,  5)  Oxamine  Violet  (Ba.). 
(1)  OxyChlorazol  Blues  (H.). 
(1,  5,  6)  Oxy  Diamine  Blues  (Ca.). 
(1)  Oxy  Diamine  Violets  (Ca.). 
(1)  Oxyphenol  Sky  Blue  (C). 
(1,  3)  Para  Blues  (By.). 
(1)  Paramine  Blues  (CI.). 
(1,  2c,  2d,  2k,  21, 2n)  Paramine  Navy 

Blue  (CI.). 
(1,  .">,  6)  Paramine  Sky  Blues  (CI.). 
(1)  Paramine  Violet  (CI.). 
(1,  f))  Phenamine  Blue  (Ba.). 
(1)  Renol  Blue  3  BX  (W.). 
(1,  2c,  5,  0)  Renol  Blue  B  (\V.). 
(1,  5,  ())  Renol  Blue  3B,  BX  (\V.). 

(1,  5,  (5)  Rpnol  Fast  Blue  (W.). 
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(1)  Renol  Indigo  Blue  (W.). 

(1,  6,  6)  Renol  Light  Blue  (W.). 

(1,  5,  6)  llonol  Pure  Blue  (W.). 

(1,  2c)  Eenol  Violet  (W.). 

(1,  2c)  Rosanthrene  Violet  5E  (CI.). 

(1)  Saint-Denis  Blue  (Poir.). 

(1)  Saint-Denis  Violet  (Poir.). 

(1)  Solamine  Blues  (Be.). 

(1)  Titan  Como  (H.) 

(1,  8)  Titan  Dark  Navy  (H.). 

(1)  Titan  Fast  Navy  (H.). 

(I,  8)  Titan  Navy  {II.), 

(1.   2c,   2e)  Toluylene  Dark    Blues 

(Oe.). 
(1)  Triazol  Blues  (Oe.). 
(1,  2c,  2e)  Tiiazol  Dark  Blues  (Oe.). 
(1)  Triazol  Indigo  Blue  (Oe.). 
(1)  Triazol  Pure  Blue  R  (Oe.). 
(1)  Triazol  Violets  (Oe.). 
(1)  Trisulfon  Blue  (Sa.). 
(1)  Trisulfon  Violet  (Sa.). 
(1)  Union  Navy  Blue  (Ijev.). 
(1,  2c.)  Zambesi  Indigo  (Be.). 
(1,  2c)  Zambesi  Pure  Blue  (Be.). 

Greens. 

(1,  7)  Alkali  Greens  (Da.). 

(1,  7)  Alkali  Black  Green  (Da.). 

(1)  Azidine  Black  Green  (J.). 

(1)  Azidine  Dark  Green  (J.). 

(1,  2c)  Azidine  Green  2G,  2B  (J.). 

(1,  10)  Benzo  Dark  Greens  (By.). 

(1,  10)  Benzo  Greens  (By.). 

(1,  6,  8)  Benzo  OUve  (By.). 

(1,  10)  Brilliant  Benzo  Green  (By.). 

(1)  Chloramine  Dark  Green  (Sa.). 

(1)  Chloramine  Green  (Sa.). 

(1,  3,  10)  Cblorazol  Green  (II.). 

(1)  Columbia  Black  Green  (Be.). 

(I)  Columbia  Green  (Be.). 

(1)  Diamine  Dark  Green  (Ca.). 

(1,  7, 10)  Diamine  Green  (Ca.). 

(1,  3)  Diamine   Nitrazol   Green  G, 

S  (Ca.). 
(1)  Dianil  Dark  Green  (ML.). 
(1)  Dianil  Greens  (ML.). 
(1,   4,  5,  6)  Dianol   Chrome  Green 

(Lev.). 


(1,3)  Dianol  Coupling  Greens  (Lev.). 

(1)  Dianol  Dark  Greens  (Lev.). 

(1, 4,  5,  6)  Dianol  Fast  Greens  (Lev.). 

(1)  Dianol  Greens  (Lev.). 

(1)  Dianol  Olive  (Lev.). 

(1)  Dianol  Pea  Greens  (Ijev.). 

(1,  2c)  Diazo  OHve  G  (By.). 

(1,  7)  Diphenyl  Greens  (G.). 

(1)  Direct  Brilliant  Green  (Sa.). 

(1)  Direct  Dark  Green  S  (CL). 

(1,  10)  Direct  Dark  Green  (Leo.). 

(1,  10)  Direct  Green  B,  J,  JO  (CL). 

(1,  10)  Direct  Green  (L  o.). 

(1)  Erie  Direct  Greens  (Sch.). 

(1,8)  Formal  Olive  (G.). 

(1 )  Naphthamine  Dark  Greens 

(OSF.). 
(1,  2o,  2e,  10)  Naphthamine  Gi-eens 

(Ka.,  OSF.). 
(1)  Osfanil  Dark  Green  B.  (OSF.). 
(1)  Osfamine  Dark  Green  (OSF.). 
(1,  5)  Oxamine  Dark  Greens  (Ba.). 
(1,  5,  7)  Oxamine  Greens  (Da.). 
(1,  5)  Oxamine  Pure  Green  G  (Ba.). 
(1,  3)  Para  Fast  Green  (By.). 
(1,  3)  Para  Green  (By.). 
(1,  3)  Pai-a  Olive  G  (By.). 
(1)  Paramine  Green  (CI.). 
(1,  7)  Polypheny  1  Greens  (G.). 
(1,  3)  Renolazine  Green  (W.). 
(1,  4)  Eenol  Dark  Green  (W.). 
(1)  Kenol  Greens  (W.). 
(1)  Reuol  Olive  (W.). 
(1,  10)  Triazol  Green  B,  G  (Oe.). 
(1)  Union  Green  (Poir.). 

Bro^'NS. 

(I)  AlkaU  Bronze  (Da.). 
(1,6)  Alkali  Chrome  Brown  (Da.). 
(1)  AlkaU  Cutf.li  (Da.). 
(1)  AlkaU  Mode  Brown  (Da.). 
(1)  Alkali  New  Brown  (Da.). 
(1)  Azidine  Bronze  (J.). 
(1)  Azidine  Browns  (J.) 
(1)  Azidine  Dark  Brown  (J.). 
(1,  3,  6)  Benzamine  Browns  (Da.). 
(1,  2c,  2e)  Benzamine  Brown  M.  768 
(Da.). 
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(1)  BeDzamine  Dark  Brown  (Da.). 
(1)  Benzo  Bronze  (By.). 
(1)  Benao  Brown  6E  (By.);  [Alkali 
New  Brown  (Da.) ;  Cotton  Brown 
(Ba.)]. 
(1,  2c,  2e)  Benzo   Brown    B,    BR, 

MC,  NB,  B  extra,  EC  (By.). 
(1,  3)  Benzo  Brown  G,  R  extra  (By.). 
(1,   5,  6,  8,  10)  Benzo  Brown  MC, 

3GC  (By.). 
(1,  6)  Benzo  Clirome  Browns  (By.). 
(1)  Benzo  Dark  Browns  (By.). 
(1,  3)  Benzo  Nitrol  Brown  G,    2R 

(By.). 
(1,  5,  6)  Catechu  Browns  (Be.,  Sa,). 
(1)  Chloramine  Browns  (By.). 
(1)  Chlorantine  Browns  (CL). 
(1,  2n,  3,  5,  6,  10)  Chlorazol  Browns 

(H.). 
(1,  5,  6)  Chlorazol  Catechine  (II.). 
(1,  5,  6)  Chlorazol  Deep  Brown  (11.). 
(1,  6)  Chromanil  Brown  (Be.). 
(1,  2e)  Columbia  Brown  (Be.). 
(1,  3,  5,  6)  Congo  Browns  (Be.). 
(1,  5)  Copper  Brown  (Ba.). 
(1)  Cotton  Browns  (Ba.). 
(1,  2a,  2c,  2j,  2k,  21,  2n,  3)  Cotton 

Brown  AN.  (Ca.). 
(1)  Cotton  Dark  Browns  (Ca.). 
(1,  2o,   2n)  Crumpsall  Direct   Fast 

Brown  B  (Lev.). 
(1)  Crumpsall  Direct    Fast    Brown 

0,  M  (Lev.). 
(1)  Crumpsall    Direct    Fast    Khaki 

(Lev.). 
(1,  2e,  6)  Cupranil  Browns  (CI.). 
(1,3,  10)  Diamine  Bronze  (Ca.). 
(1,8)  Diamine  Browns  (Ca.). 
(1,  2a,  2c,  2j,  21)  Diamine   Brown 

M,  S,  V  (Ca.). 
(1,  3,  8)  Diamine  Brown  MR,  V,  S 

(Ca.). 
(1,4,  10)  Diamine  Brown  B,  M,  R, 

S  (Ca.). 
(1,  5,  6)  Diamine  Brown  M,  B,  3G 

(Ca.). 
(1,  4,  5,  6,  10)  Diamine  Cutechines 

(Ca.). 


(1,   2a,  2e,  2j,  2k,  21,  2n)  Diamine 

Cutch  (Ca.). 
(1,8)  Diamine  Fast  Browns  (Ca.). 
(1,3)  Diamine  Nitrazol  Brown  (Ca.). 
(1)  Diamineral  Browns  (Ca.). 
(1,  4)  Diamineral  Brown  G  (Ca.). 
(1,   5,   6)   Diamineral   Brown  3GN 

(Ca.). 
(1,  3,   6)  Dianil  Brown    3G0,     2G 

(ML.). 
(1,   2c,   2n,   6)  Dianil  Brown    MH 

(ML.). 
(1,  3)  Dianil  Brown  5G,   B,  D,   R, 

M  (ML.). 
(1,  4,  5,   6)  Dianil  Chrome   BrOwn 

(ML.). 
(1,  5)  Dianil  Fast  Brown  (ML.). 
(1,  5,  6)  Dianil  Japonine  (ML.). 
(1)  Dianol  Bronze  (Lev.). 
(1)  Dianol  Browns  (Lev.). 
(1,  4,  6,  6)  Dianol  Brown  LF  (Lev.). 
(1)  Dianol  Catechine  G,  B  (Lev.). 
(1)  Dianol  Cotton  Brown,    A    new 

(Lev.). 
(1,   4,   6,  6)  Dianol  Union    Browns 

(I^v.). 
(1, 2j)  Diazo  Brilliant  Black  B  (By.). 
(1,  2j,  6)  Diazo  Brown  R.  extra  (By.). 
(1,   2c,  2e,  3)   Diazo   Brown  G,   R 

extra  (By.). 
(1, 2c,  2e)  Diazogen  Brown  D.  (J.). 
(1)  Diphenyl  Bronze  (G.). 
(1)  Diphenyl  Browns  (G.) 
(1)  Diphenyl  Catechine  (G.). 
(1)  Diphenyl  Fast  Brown  (G.). 
(1)  Diphenyl  Red  Brown  (G.). 
(1,  2e,  6)  Direct  Brown  M(CI.). 
(1)  Direct  Browns  (Leo.). 
(1,  2b,  2c,  2d,  2e)  Direct  Brown  (G.). 
(1,  3,  6,  10)  Direct  YeUowish  Brown 

(Leo.). 
(1,   2c,  2e,   5,  6,    10)  Direct    Dark 

Brown  (Leo.). 
(1,  6)  Direct  Dark  Brown  (Sch.). 
(1,  2c,  2e,  3)  Direct  Fast  Brown  B 

(By.). 
(1,  5,  6)  Direct  Naphthamine  Browns 

(OSF.). 
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(1)  Disoharge  Browns  (01.). 

(1,  6)  Erie  Direct  Brown  GR  (Sch.). 

(1,  6)  Erie  Direct  Brown  GB,  3IIB, 

(Sch.). 
(1,  8)  Formal  Brown  (G.). 
(1,  6)  Havanna  Brown  B.  (Sch.). 
(1,  5)  Hessian  Brown  (Leo.). 
(1)  Mikado  Browns  (Leo.). 
(1)  Naphthamine  Bronze  (OSF.). 
(1)  Naphthamine  Browns  (Ka.). 
(1,  2c,  2e,  b)  Naphthamine  Browns 

(Ka.,  OSF.). 
(1,  2c,  2e,  3)  Naphthamine  Brown  H 

(Ka.). 
(1)  New  Toluylene  Browns  (Oe.). 
(1,  3)  Nitramine  Brown  (Ba.). 
(1,  3)  Nitranil  Browns  (CI.). 
(1)  Oxamine  Browns  (Ba.). 
(1,  2c,  2h,  3,  6,  8)  Oxamine  Brown 

B,  B  (Ba.). 
(1)  Oxamine  Dark  Brown  (Ba.). 
(1,  3,  5)  Oxamine  Maroon  (Ba.). 
(1,  3,  6)  Oxy  diamine  Browns  (Ca.). 
(1)  Oxyphenol  Browns  (C). 
(1,6)  Panama  Brown  3R  (Sch.). 
(1,  3)  Para  Bronze  NB  (By.). 
(1,  3)  Para  Brown  R,  SC  (By.). 
(1,  6)  Paramine  Brown  (CI.). 
(1,  6)  Paramine  Dark  Brown  (01.). 
(1,  3)  Paranil  Browns  (Be.). 
(1)  Pegu  Browns  (Leo.). 
(1,  8)  Pluto  Browns  (By.). 
(1,  3)  Pluto  Brown   GG,  NB,  R 

(By.). 

(1)  Renol  Bronze  (W.). 
(1)  Renol  Brown  BB,  BG  (W.). 
(1,  3,  4,  8)  Renol  Brown  R  (W.). 
(1,  2c,  2e,  6,  6)   Renol  Brown  MB 

(W.). 
(1,  4, 5,  6)  Renol  Brown  RG  (W.). 
(1,  3)  Renol  Brown  PR  ( W.). 
(1)  Renol  Dark  Brown  (W.). 
(1)  Renol  Deep  Browns  (W.). 
(1,  4)  Renol  Deep  Brown  D  (W.). 
(1)  Renol  Havanna  (W.). 
(1)  Renol  Khaki  (W.). 
(1)  Renol  Maroon  (W.). 
(1,  d)  Thiazine  Browns  (Ba.). 


(1,  3,  6,  10)  Toluylene  Browns  (By.). 
(1,  2c,  2e,  3)  Toluylene    Brown  G 

(Oe.). 
(1)  Triazol  Browns  (Oe.). 
(1)  Trisulfon  Bronze  (Sa.). 
(1)  Trisulfon  Browns  (Sa.). 
(1)  Union  Brown  (Poir.). 
(1,  2e)  Zambesi  Browns  (Be.). 

Blacks. 

(1,  8)  Alkali  Blacks  (Da.). 

(1,  8)  Alkali  Black  FF  extra  (Da.). 

(1,  2c,  2e)  Alkali  Blue  Black  (Da.). 

(1,  6)  Alkali  Chrome  Black  (Da.). 

(1)  AlkaU  Deep  Black  (Da.). 

(1)  Azidine  Blacks  (J,), 

(1,  2c)  Azidine  Black  BHN  (J.). 

(1)  Azidine  Carbon  (J.). 

(1,  2c)  Azidine  Direct  Blacks  (J.). 

(1,  4,  6)  Benzo  Chrome  Blacks  (By.). 

(1,  4,  6)  Benzo  Chrome  Black  Blue 

B  (By.) 
(1)  Benzo  Fast  Blacks  (By.). 
(1,  2c,  2e)  Benzo  Fast  Black  L  (By.). 
(1,   3)  Benzo    Nitrol    Black   B,    T 

(By.). 
(1,  3,  4,  8)  Carbide  Blacks  (CI.). 
(1)  Carbon  Blacks  (Ka.). 
(1)  Chloramine  Blacks  (Sa.). 
(1,  8)  Chlorazol  Fast  Blacks  (H.). 
(1,  6)  Chromanil  Blacks  (Be.). 
(1)  Columbia  Blacks  (Be.). 
(1,  3,  9)  Columbia  Fast  Blacks  (Be.). 
(1,   2c,   2h,    8)   Cotton    Black    RW 

extra ;  E  extra  (Ba.). 
(1,  3,  5)  Cotton  Black  R,  E  extra, 

RW  extra,  PF  extra,  BGN  (Ba.). 
(1)  Cotton  Milling  Black  (Ba.). 
(1,  2c,  2e)  Diamine  Azo  Black  B, 

R  (Ca.). 
(1,  2c,  2e)  Diamine   Beta  Black  B, 

BB,  BGH  (Ca.). 
(1,  2c,  2d,  2k,  21,  2n,  2r)  Diamine 

Black  BH  (Ca.). 
(1,   2c,  2d,  2j,  2k,  21,  2n)  Diamine 

Black  BHN,    BHR,    BHS,    BO, 

RO,  ROO  (Ca.). 
(1,  2c,  2n)  Diamine  Blacks  (Ca.). 
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(1,  2c,  2j,  2d,  2k,  21.  2n,  2r)  Diamine 

Blue  Black  E  (Ca.). 
(1,  5,  6)  Diamine  Fast  Black  F(Oa.). 
(1,  4,  8)    Diamine    Fast    Black    X 

(Ca.). 
(1)  Diamine  Fast  Grey  RN  (Ca.). 
(1,  3)  Diamine  Grey  G  (Ca.). 
(1,  2c,  2k,  21,  2u)  Diamine  Jet  Black 

SS  (Ca.). 
(I)  Diamine  Milling  Blacks  (Ca.). 
(1,   3)   Diamine  Nitrazol   Black    B 

(Ca.). 
(1,5,  6)  Diamineral   Black    B,    3B, 

6B  (Ca.). 
(1,  2c,  2(1,  2k,  21,  2n)  Diaminogenes 

(Ca.). 
(1,  2c,  2n)  Dianil  Black  ES  (ML.). 
(1,9)  Dianil  Black  G  (ML.). 
(1,  3,  6,  9)  Dianil  Black  CR  (ML.). 
(1,3,  9)  Dianil  Black  R  (ML). 
(1,6,  9)  Dianil  Black  CB  (ML.). 
(1,  4)  Dianil  Black  T  (ML.). 
(1,  3,  5)  Dianil  Black  N,  PR  (ML.). 
(1,  3,  4,  8)  Dianol  Black    E  extra 

(Lev.). 
(1)  Dianol  Black  D,  FFE,  F  cone. 

(Lev.). 
(1,  3)  Dianol  Black  JW,  RW,  RX, 

FFX  (Lev.). 
(1)  Dianol  Brilliant  Blacks  (Lev.). 
(1,   4,   5,  6)  Dianol    Chrome  Blue- 
Black  (Lev.). 
(1,  4,  5,    6)  Dianol    Copper   Black 

(Lev.). 
(1,    2c,    2n)  Dianol   Diazo    Blacks 

(Lev.). 
(1)  DiauolFast  Blacks  (Lev.). 
(1)  Dianol  Grey  GX  (Lev.). 
(1)  Dianol  Jet  Blacks  (Lev.). 
(1)  Dianol  Union  Black  5BV  (Lev.). 
(1,  2c,  2n)  Diazine  Black  H  extra 

(Sch.). 
(1,  2c,    2e)   Diazo    Black   R    (By., 

Leo.). 
(1,  2c,  2e,  2o)  Diazo  Brilliant  Black 

B  (By.). 
(1,  2d,  2e)  Diazo  Fast  Black  B.  extra, 

MO,  G,  3B  (By.). 


(1,  2o+d,  2c+e,  2e,  8)  Diazo  Fast 

Black  BUX,  SD  (By.). 
(1,  2c,  2n)  Diazogen  Black  DR  (J.). 
(1)  Diphenyl  Fast  Black  (G.). 
(1)  Diphenyl  Fast  Grey  (G.). 
(1,    2c,  2e,    2h)   Direct    Black  BH 

(Leo.). 
(1,   2c,   2e)  D  irect    Black    V,  BH, 

RO  (Sa.). 
(1,  2c,  2e)  Direct  Blacks  (Poir.). 
(1,  4,  5,  6,  8)  Direct  Black  FF  extra 

(Leo,). 
(I,  3,  4)  Direct  Blue  Black  B  (By.). 
(1,8)  Direct  Blue  Black  (Leo.). 
(1,   4,   5,   6)  Direct  Chrome    Black 

(Tjeo.). 
(1,  2c,   2e,  3,  4,   6,    8)  Direct  Deep 

Blacks  (By.). 

(1)  Dii-ect  Grey  (Sa.). 

(1,   8)  Direct  Naphthamiue  Blacks 

(OSF.). 
(1)  Erie  Direct  Blacks  (Sch.). 
(1,8)  Formal  Blacks  (G.). 
(1)  Grounding     Black    for     Cotton 

(Ba.). 
(1)  Hessian  Fast  Black  (Leo.). 
(1,  2e,  2c,  2d)  Indigene  Blacks  (CI.). 
(1,  2c,  2d,  21,  2n,  8)  Ingrain  Blacks 

(H.). 
(1)  Naphthamine  Black  H  (KA.). 
(1,  2c,  2e)  Naphthamine   Blacks 

(OSF.). 
(1,  2c,  2e,  3)  Naphthamine  Black  BE. 

CE,  CET,  BVE  (Ka,). 
(1)  Naphthamine  Deep  Bkck   HW 

(Ka.). 

(1)  Naphthamine  Direct  Blacks(Ka.). 
(1,  2c,   2e,  3)    Naphthamiue    Fast 

Blacks  (Ka.,  OSF.). 
(1,  2c,  2d,  2e)  Neropaline  BZ,  TZ, 

(CL). 
(1)  Neutral  Grey  (Be.,  Da.). 
(1,  2c,  2n)  Niagara  Fast  Black  M. 

3B  extra  (Sch.). 
(1)  Nyauza  Black  (Be.). 
(1,  2c,  2e)  Osfamine  Black  (OSF.). 
(1,  2c,  2e,  3)  Osfanil  Blacks  (OSF.), 
(1, 2c,  2h,  2i,  8)  Oxamine  Blacks  (Ba.). 
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(I)  Oxy  Diamine  Blacks  (Ca.). 
(1,3)  Oxy   Diamine  Black  A,   AM, 
D,    JB,    Jhl    JEI,    JW,    JWF, 

JWH,  Ur,  SA,  RR(Ga.). 
(1,  3,  S)  Oxy  Diamine    Carbon   JE, 

JEI  (C^a.). 
(1,  2c,  2d,  2n,  5)  Oxy  Diaminogenes 

(Ca.). 
(1)  Polypheny  1  Black  K  cone.  (G.)- 
(1,  4,  o,  6,  8)  riuto  Blacks  (By.). 
(1)  Puiiamu  Black  11  extra  (8ch.). 
(1,  :<,  8)  Para  Diamine  Blacks  (Ca.). 
(1)  Pai-amine  Blacks  (CI.). 
(1,3)  Paranil  Black  (Be.). 
(1)  Patent  Dianil  Blacks  (ML.). 
(1,  2c,  2c)  llenolamine  Blacks  (W.). 
(1)  Kenul  Blacks  (W.). 


(1,  3,  8)  Renol    IJlack   K,    OR,    G, 

2G  (W.). 
(1,  2c,  3,  8)  Eenol  Black  SF  (W.). 
(1)  Renol  Deep  Black  (W.). 
(1,  8)  Titan  Blacks  (H.). 
(1,  2c,  2d,  2n,  3)  Titan  Fast  Blacks 

(H.). 
(1,  2c,  2e,  3)  Triflzol  Blacks  (Oe.). 
(1)  Toluvlene  Black  G,  B  (Oe.). 
(1)  Violet  Black  (Ba.). 
(1,  2c,  2e)  Zambesi  Black  R,F,(Be.). 
(1,  2a,  2c,    2d,    2e)  Zambesi    Black 

BR.  (Be.). 
(1,  2c)  Zambesi  Black  NA  (Be.). 
(1,  2e)  Zambesi  Black  2G  (Be.). 
(1,  2c,  2e,  2f)  Zambesi  Black  V,  NA, 

20  (Be.). 


Dyeing  of  Cotton  with  the  Substantive  Cotton  Dyestuffs. 

Method  (1). 

Light  shades  have  to  l)e  dyed  on  bleached  cotton,  whilst  dark 
and  heavy  shades  may  be  dyed  on  the  unbleached  material.  In 
the  latter  case  it  is  advisable  to  boil  the  cotton  with  soda  ash 
or  with  water  only,  before  dyeing. 

Turkey-red  oil,  Monopole  soap,  or  Marseilles  soap  are  frequently 
added  to  the  dye-bath  for  the  purpose  of  more  readily  wetting 
out  the  cotton. 

The  dyestuflfs  should  be  dissolved  in  soft  water,  or,  better  still, 
in  condensed  water.  Hard  water  should  be  boiled  up  with  some 
soda  before  the  dyestuff  is  added.  The  practice  of  adding  the 
dyestuflf  direct  to  the  bath  is  not  to  be  recommended.  If- it  is 
done,  however,  the  soda  should  be  added  first,  then  the  dyestufif, 
and  finally  the  salt  or  Glauber's  salt. 

All  the  substantive  dyestufifs,  with  the  exception  of  those  itjiarked 
(7)  may  be  dyed  from  an  alkaline  bath. 

Neutral  salts,  such  as  common  salt  and  Glauber's  salt,  are 
added  for  the  purpose  of  accelerating  the  dyeing,  whilst  an 
addition  of  soda,  soap,  Turkey-red  oil,  sodium  phosphate,  acts 
retarding,  and  consequently  tends  to  assist  in  producing  more 
level  dyeings. 

The  cotton  is  usually  dyed  at  the  boil  for  ^  to  1  hour.  Light 
shades  may  be  dyed  at  a  lower  temperature,   about  120"^  to 
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140^  F.     The  fastest  shades  are,  however,  obtained  when  the 
dyeing  is  conducted  at  the  boil. 

When  dyeing  very  heavy  shades  it  is  advisable  to  dye  for 
about  f  hour  at  the  boil,  and  to  allow  to  *'  feed  "  for  about 
i  hour,  or  longer,  in  the  cooling  bath. 

When  using  common  salt  which  contains  appreciable  quantities 
of  calcium  or  magneeium  salts,  it  is  advisable,  when  dissolving 
the  salt,  especially  in  the  dyeing  of  cops  and  cheeses,  to  add  the 
necessary  amount  of  soda,  to  allow  the  precipitate  to  settle  and 
to  add  the  clear  solution  to  the  dye-bath. 

The  concentration  of  the  dye-bath  is  in  most  cases  of  import- 
ance as  regards  exhaustion  of  the  dyestuff.  As  a  rule  the 
**  shorter ''  the  bath,  the  deeper  the  shade  obtained  with  the 
same  amount  of  dyestuff.  It  has,  however,  been  found  that, 
in  some  instances,  especially  when  dyeing  the  direct  cotton 
blacks  in  the  jigger,  the  bath  will  be  better  exhausted,  if  a 
larger  volume  of  liquor  is  used.  For  light  shades  it  is  advisable 
to  use  a  very  dilute  dye-bath. 

When  dyeing  heavy  shades  the  dye  vessel  should  be  provided 
with  a  closed  steam-coil. 

The  amount  of  salt  or  Glauber's  salt  added  to  the  dye-bath 
varies  very  considerably,  but  if  the  bath  is  to  be  used  continuously, 
the  greatest  care  has  to  be  taken  to  adjust  the  addition  in  such 
a  manner  that  the  dyestuff  is  not  precipitated  (salted  out). 

This  is  particularly  of  importance  in  the  dyeing  of  cops 
and  cheeses.  It  will  often  be  found  better  to  add  a  much 
larger  quantity  of  dyestuff  to  the  first  bath  and  to  add  a  very 
small  amount  of  salt  or  Glauber's  salt.  For  the  dyeing  of 
subsequent  lots  the  amount  of  salt,  etc.,  contained  in  the 
dyestuff  added  is  frequently  sufficient  to  make  any  further 
addition  of  salt,  etc.,  unnecessary.  When  working  in  this 
manner,  the  baths  may  be  used  for  months  without  the  danger 
of  precipitated  dyestuff  becoming  settled  on  the  cops. 

Salt  should  not  be  added  when  dyeing  light  and  delicate  shades. 
The  addition  of  1  to  2  per  cent,  of  soap  or  Turkey-red  oil, 
and  8  to  10  per  cent,  of  sodium  phosphate,  will  give  the  best 
results.  Monopole  soap  is  now  frequently  employed  in  place  of 
Marseilles  soap. 

If  a  more  strongly  alkaline  bath  is  required  1  to  2  per  cent, 
of  soda  ash  may  be  added. 
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5  to  10  per  cent,  of  Glauber's  salt  may  be  added  in  place  of 
the  sodium  phosphate,  but  the  results  are  not  as  satisfactory  as 
those  obtained  with  the  latter. 

Medium  shades  should  be  dyed  with  the  addition  of  2  per 
cent,  soda  ash  and  10  per  cent,  calcined  Glauber's  salt,  or  the 
corresponding  amount  of  crystallised  Glauber's  salt. 

For  heavy  shades,  2  to  6  per  cent,  soda  ash  and  20  to  80  per 
cent,  of  calcined  Glauber's  salt,  or  30  to  45  per  cent,  of  common 
salt  should  be  added.  Benzo  Indigo  Blue  and  Benzo  Copper 
Blue  B  and  2B  are  best  dyed  with  10  per  cent,  soda  ash  without 
the  addition  of  either  salt  or  Glauber's  salt. 

The  Brilliant  Sky  Blues  should  be  dyed  without  soda,  but  with 
the  addition  of  the  necessary  amount  of  Glauber's  salt  and  1  to 
2  per  cent,  of  acetic  acid. 

In  order  to  check  the  amount  of  salt  present  in  the  dye-bath, 
the  specific  gravity  ought  to  be  ascertained  from  time  to  time. 
When  dyeing  light  shades  it  should  not  exceed  2°  Tw.,  whilst  for 
dark  shades  it  must  not  be  more  than  4J°  to  6°  Tw.,  at  60°  F. 

Some  of  the  substantive  cotton  dyestuffs,  such  as  Cotton  Red  S, 
Rosophenine,  Saint-Denis  Redy  have  to  be  dyed  from  a  strongly 
alkaline  bath. 

For  100  lbs.  of  cotton  yarn  :  The  necessary  quantity  of  Cotton 
Red  S  is  mixed  with  about  twice  its  weight  of  caustic  soda 
(76°  Tw.).  A  little  hot  water  is  added  so  as  to  make  the  whole 
into  a  uniform  paste,  which  is  then  poured  into  the  boiling 
bath,  with  the  addition  of  about  140  lbs.  of  common  salt. 

A  **  short "  bath  should  be  used  (about  1  :  15)  and  the  yarn 
should  be  worked  for  J  to  1  hour  at  the  boil.  Wring  and  rinse 
slightly. 

For  subsequent  dyeings,  §  to  f  of  the  dyestuflf  used  in  the  first 
bath  and  a  quantity  of  common  salt,  corresponding  to  that  which 
has  been  removed  by  taking  out  the  cotton,  should  be  added. 

Somewhat  brighter  shades  are  obtained  by  souring,  after  dye- 
ing, with  6  to  10  lbs.  of  sulphuric  acid  168°  Tw.,  per  200  to 
220  gallons  of  water. 

Method  (a)  of  dyeimj  Saint'Denis  Red. — For  100  lbs.  cotton : — 
Dissolve  2  lbs.  13  ozs.  of  the  dyestuflf,  in  4 J  pints  caustic  soda  lye, 
77°  Tw.,  and  2  gallons  water.  Heat  until  completely  dissolved, 
then  add  6^  gallons  water.  The  solution  is  added  to  the  dye- 
bath,  which  is  prepared  as  follows  : — 207  gallons  water,  520  lbs. 
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common  salt,  81  lbs.  soda  ash.  A  wooden  vessel,  provided  with 
a  closed  copper  steam-coif,  should  be  used.  Enter  the  cotton  at 
75"^  to  85°  1' .,  raise  the  temperature  to  boiling  point  in  not  less 
than  20  minutes,  and  dye  30  to  45  minutes  at  the  boil.  After 
dyeing,  wring  and  pass  through  a  1  per  cent,  solution  of 
sulphuric  acid,  rinse  and  dry. 

For  further  lots  of  cotton  take  the  same  quantity  of  dyestufif 
and  make  up  the  bath  to  the  original  volume  with  a  solution  of 
salt  and  soda  in  the  proportions  given  above. 

Method  (b). — For  100  lbs.  cotton: — Dissolve  2  lbs.  18  ozs. 
Saint-Denis  Bed  in  9  gallons  caustic  soda  lye  (10'5°  Tw.),  add 
this  to  the  dye-bath  consisting  of  180  gallons  of  a  solution  of 
rock  salt  (82*5°  Tw.),  and  6  gallons  caustic  soda  lye  (77°  Tw.). 
Heat  the  bath  to  185°  F.,  enter  the  cotton,  raise  the  temperature 
to  200°  F.,  and  work  at  this  temperature  for  80  minutes.  After 
dyeing,  pass  the  cotton,  without  rinsing,  through  a  1  per  cent, 
solution  of  sulphuric  or  hydrochloric  acid ;  finally  rinse  well 
and  dry.  For  each  subsequent  dyeing  the  same  quantity  of 
dyestuff  and  of  caustic  soda  lye  has  to  be  added.  Sufficient 
common  salt  should  be  added  after  every  dyeing  operation  in 
order  to  keep  the  strength  of  the  liquor  at  a  specific  gravity  of 
28-5°  Tw.,  at  a  temperature  of  185°  to  190°  F. 

The  fastness  to  light  of  Saint-Denis  Bed  dyed  by  one  of  the 
two  methods  may  be  considerably  improved  if  the  dyed  material 
is  after-treated  for  15  minutes  in  a  solution  of  copper  sulphate 
or  cupric  chloride. 

Method  (c). — The  dye-bath  is  charged  with  100  gallons  water, 
2  lbs.  of  quicklime  made  into  a  uniform  paste,  with  water  and 
added  through  a  sieve,  75  lbs.  of  common  sale  and  the  necessary 
amount  of  dyestuff  dissolved  with  ^  its  weight  of  caustic  soda. 
Dye  at  the  boil. 

Dyeing  of  Loose  Cotton. 

The  substantive  cotton  dyestuffs  may  be  dyed  on  loose  cotton 
in  an  open  dye-vessel,  but  an  apparatus,  such  as  the  "Obermaier," 
in  which  the  cotton  is  tightly  packed,  is  more  economical,  and, 
keeps  the  material  in  a  better  condition  for  spinning. 

When  dyeing  in  an  open  vessel,  heat  the  dye-bath  to  the  boil 
open  out  the  dry  cotton  well,  enter,  and  work  for  J  to  1  hour 
near  boiling  point,    A  "  short  "  bath  should  be  used,  and  deeper 


SUBSTANTIVE  COTTON  DYESTUFFS     211 

shades  are  obtained  if  the  cotton  is  allowed  to  '*  feed ''  for  some 
time  ill  the  cooling  bath.  Allow  the  cotton  to  cool  after  lifting  it 
out  of  the  dye-liquor  and  before  rinsing.  In  many  instances  the 
cotton  does  not  require  rinsing,  but  is  hydi-oextracted  immediately 
after  it  has  cooled. 

For  heavy  shades  the  dye-bath  should  contain  2  to  3  lbs.  soda 
ash  and  20  to  85  lbs.  Glauber's  salt.  The  addition  of  1  lb.  of 
Turkey-red  oil  or  Monopole  soap  per  100  gallons  of  dye  liquor 
materially  assists  in  producing  level  dyeings. 

When  dyeing  in  a  machine  it  is  essential  to  select  dyestuffs 
which  are  readily  and  completely  soluble  and  which  do  not 
exhaust  too  rapidly.  The  cotton  should  be  tightly  and  very 
evenly  packed,  and  the  quantities  of  salt  or  Glauber's  salt  added 
should  not  be  too  high.  It  is  better,  in  many  cases,  to  dye  for 
some  time  with  the  dyestuff  and  the  soda  only  without  the 
addition  of  salt,  and  to  add  the  salt  at  a  later  stage. 

Difficulties  will  always  be  met  with  it  hard  water  has  to  be  used, 
even  if  the  necessary  amount  of  soda  has  been  added  to  correct  it. 

Turkey-red  oil  may  be  added  to  the  dye-bath  in  order  to  assist 
in  the  wetting  out  of  the  cotton. 

It  is  usual  to  dye  at  the  boil  for  f  to  1  hour  and,  if  necessary, 
to  rinse  in  the  machine. 

Dyeing  of  Sliver. 

Sliver  is  usually  dyed  in  machines  belonging  to  the  "  packing 
system."  The  method  of  working  and  the  additions  to  the  dye- 
bath  are  the  same  as  given  for  the  dyeing  of  loose  cotton. 

Dyeing  of  Cotton  Yarn. 

Cotton  yarn  is  chiefly  dyed  in  the  ordinary  dye-beck,  although 
dyeing  machines,  such  as  the  "  Klauder-Weldon"  and  machines  in 
which  the  hanks  are  tightly  packed,  such  as  the  "  Obermaier  "  and 
the  "  Pornitz  "  are  frequently  used.  For  light  and  delicate  shades 
the  yarn  is  bleached,  whilst  for  dark  shades  it  is  boiled  or  wetted 
out  with  Turkey-red  oil,  before  dyeing. 

When  dyeing  in  machines,  which  is  more  economical  than 
dyeing  in  the  beck,  boiling  out  can  be  dispensed  with.  The 
yam  must  be  tightly  and  evenly  packed  in  order  to  prevent  the 
dye-liquor  from  forming  channels  which  might  cause  uneven 
ahades. 

p2 
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The  additions  to  the  dye-bath  are  given  in  the  general  part 
which  deals  with  the  dyeing  of  the  substantive  dyestuflfs. 

Dyeing  of  Mercensed  Cotton  Yarn. 

Mercerised  yarn  exhibits  a  greater  affinity  for  the  direct  dye- 
stuffs;  they  are  taken  up  more  rapidly,  and  it  is,  therefore, 
necessary  to  add  less  salt  or  Glauber's  salt  to  the  dye-bath  than 
in  dyeing  unmercerised  cotton,  and  to  commence  the  dyeing  cold. 
It  is  better  to  dye  with  the  addition  of  soda  or  soda  and  Turkey- 
red  oil,  or  Monopole  soap,  for  some  time,  and  to  add  the  Glauber's 
salt  later.  For  light  shades  sodium  phosphate  should  be  used  in 
place  of  Glauber's  salt. 

Dyeing  of  Cops  and  Cheeses. 

Cops  and  cheeses  may  be  dyed  with  the  substantive  dyestufifa 
in  any  one  of  the  machines  described  in  "  Part  XVI."  Cheeses 
are  much  more  readily  penetrated  than  cops.  The  greatest  care 
must  be  taken  in  order  to  prevent  precipitation  of  the  dyestuff. 
This  is  especially  of  importance  when  dyeing  in  machines 
belonging  to  the  "packing  system,"  because  the  precipitate 
will  be  deposited  partly  on  the  cloth  which  surrounds  the  cops 
and  partly  on  the  uppermost  layer  of  cops,  which  thus  will  be 
completely  spoiled. 

In  the  "perforated  spindle  system"  the  precipitate  present 
in  the  dye-bath  will  divide  itself  evenly  over  all  the  cops,  and 
may,  therefore,  be  less  troublesome. 

Skewers  made  of  iron,  or  preferably  of  brass  or  "  nickelin,'* 
are  used  when  dyeing  with  the  substantive  dyestuffs. 

The  cops  may  be  washed  in  the  machine,  and  afterwards 
hydroextracted,  or  the  excess  of  water  may  be  removed  by  means 
of  compressed  air  or  by  suction. 

Cheeses  may  also  be  dyed  with  the  substantive  dyestuflfs  by  the 
"  Foam  Dyeing  "  system.     See  p.  363. 

Dyeing  of  Cotton  Warps. 

Cotton  warps  are  dyed  with  the  substantive  dyestuflfs  in  the 
ordinary  tvarp  dyeing  inachine.  If  the  warps  do  not  require 
bleaching,  it  will  be  sufficient  to  charge  the  first  box  of  the 
machine  with  a  boiling  soda  solution  for  the  purpose  of  wetting 
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out.  The  addition  of  Turkey-red  oil  in  place  of  soda  ash  is 
particularly  useful  in  producing  level  shades  on  mercerised 
warps.     The  other  boxes  contain  the  dyestuff  solution. 

Two  ends  through  the  machine  will  be  ample  for  light  shades. 
Half  of  the  colour  solution  should  be  added  for  each  end. 

For  dark  shades  4  or  6  ends  are  necessary.  The  boxes  are  first 
charged  with  about  one-half  of  the  dyestuff  solution,  whilst  the 
remainder  is  allowed  to  run  into  the  machine  continuously 
during  dyeing. 

Cotton  warps  are  now  dyed  very  extensively  on  the  beam  in 
machines,  such  as  the  **  Pornitz."  See  "  Warp  Dyeing,'*  Fig.  86 
p.  365. 

Light  shades  may  be  dyed  in  the  **  size."  It  is  advisable  to 
prepare  the  colour  solution  and  the  size  separately  and  to  mix 
them  before  using.  The  dry  warps  are  usually  sized  twice. 
Shades  produced  in  the  size  are  not  as  fast  as  shades  which  have 
been  dyed  in  the  ordinary  manner  and  sized  afterwards. 

Dyeing  of  Cotton  Piecegoods, 

The  "  preparation  "  of  cotton  piecegoods  for  dyeing  has  been 
fully  explained  under  "  Bleaching."  Only  the  cheapest  kinds 
of  material  are  dyed  without  previous  scouring  or  bleaching. 
Crabbing,  followed  by  steaming,  is  also  employed,  especially  for 
heavy  goods. 

Although  the  spiral  due-beck  is  used  in  dyeing  cotton  piece- 
goods  with  the  substantive  dyestuffs,  the  jigger  is  much  more 
commonly  employed. 

Very  light  and  delicate  shades  are  dyed  in  a  "  long  "  bath,  with 
the  addition  of  soap  and  sodium  phosphate,  whilst  heavier 
shades  may  be  dyed  in  a  "  short  *'  bath,  with  the  addition  of  soda 
and  Glauber's  salt. 

In  some  cases  it  is  advisable  to  give  four  ends  with  the  dye- 
stuff  and  the  soda,  and  to  add  the  Glauber's  salt  after  the  fourth 
end. 

Heavy  goods  are  more  readily  and  thoroughly  penetrated  when 
Turkey-red  oil  or  Monopole  soap  is  added  to  the  dye-bath. 

A  padding  machine,  with  either  two  or  three  squeezing  rollers, 
is  sometimes  used  for  dyeing  light  shades  with  the  substantive 
dyestuffs.  Shades  which  are  not  required  to  be  fast  may  be 
dyed  in  a  single  passage  through  the  padding  machine.     It  is 
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then  usually  the  practice  to  add  a  small  quantity  of  dextrine 
solution  (i  lb.  to  1  lb.  per  10  gallons  of  padding  liquor)  or 
tragacanth-tbickening  to  the  padding  liquor. 

For  heav3'  shades,  two  or  four  passages  through  the  padding 
machine  are  required.  The  padding  liquor  is  prepared  with 
^  to  ^  oz.  of  soda  per  20  gallons,  one-half  of  the  dyestuff  solution 
is  added,  and  the  pieces  are  given  one  end  at  about  100°  F.  The 
remainder  of  the  dyestuff  solution  is  now  added,  and  the  pieces 
are  given  another  end.  The  liquor  is  now  heated  to  150°  to 
180°  F.,  J  to  1  oz.  of  Glauber's  salt  is  added  per  20  gallons,  and 
the  pieces  are  given  another  end.  After  this  the  same  quantity 
of  Glauber's  salt  is  added  and  the  final  end  given. 

Light  shades  may  also  be  dyed  in  the  starching  operation. 

Continuotis  Open-width  Dyeing  Machines  are  now  largely  used 
for  dyeing  blacks,  dark  blues,  and  browns. 

For  the  dyeing  of  Oxydiaminc  Black  A2\  or  JB,  for  instance,  a 
machine  may  be  used  consisting  of  four  compartments.  A  pair 
of  metal  squeezing  rollers,  of  which  the  upper  one  is  covered 
with  rubber,  and  suitable  openers  are  provided  for  each  com- 
partment. The  dye-liquor  is  heated  by  means  of  a  closed 
steam  coil.  In  the  first  compartment,  which  is  charged  with 
about  3^  lbs.  of  soda  ash,  the  cotton  is  boiled  out.  The  bath  is 
continuously  re-charged  with  J  per  cent,  of  soda  ash,  calculated 
on  the  dry  weight  of  the  cloth,  during  dyeing.  The  soda  bath 
has  to  be  replaced  twice  per  day  on  account  of  the  impurities 
which  it  removes  from  thQ  cotton. 

The  other  three  compartments,  formed  by  two  perforated  par- 
titions, are  charged  with  about  650  gallons  of  dye-liquor,  contain- 
ing 2J  lbs.  Oxydiamine  Black,  per  10  gallons  of  liquor,  dissolved 
with  the  addition  of  a  small  quantity  of  soda ;  5  to  5^  per  cent, 
of  dyestuff,  calculated  on  the  dry  weight  of  cotton,  are  added 
during  dyeing.  IJ  gallons  of  the  following  dyestuff  solution 
should  be  divided  equally  between  the  three  compartments,  after 
the  passage  of  every  piece  : — 

145  lbs.  Oxydiamine  Black,  and  13  lbs.  soda  ash,  dissolved  in 
130  gallons  of  water. 

The  quantities  are  calculated  on  a  daily  production  of  100 
pieces,  total  weight  2,650  lbs. 

The  speed  of  the  machine  should  be  regulated  so  as  to  allow 
the  pieces  to  remain  in  contact  with  the  dye-liquor  for  about 
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8  minutes.     The  goods  are  plaited  down  into  a  wagon,  after 
dyeing,  and  are  finally  rinsed. 

Dyeing  of  Mer censed  Pieceifoods, 

Mercerised  fabrics  are  as  a  rule  dyed  in  the  jigger.  They 
require  about  20  per  cent,  less  dyestuff  than  non-mercerised 
fabrics.  No  Glauber's  salt  should  be  added  to  the  dye-bath  when 
dyeing  light  shades.  It  is  best  to  give  the  pieces  first  two  ends 
with  1  to  2  per  cent,  of  soap,  Monopole  oil  or.  Monopole  soap,  and 
2  to  5  per  cent,  of  sodium  phosphate  or  soda.  The  dyestuff 
solution  should  then  be  added  in  two  portions,  and  the  dyeing 
commenced  at  100°  to  120°  F.  The  temperature  of  the  dye-bath 
is  then  gradually  raised  to  about  180°  F. 

When  dyeing  heavy  shades  it  is  advisable  to  give  either  two' or 
four  ends  in  the  liquor  containing  the  dyestuff,  the  soap,  and  the 
soda,  and  then  to  add  the  Glauber's  salt  in  two  portions,  giving 
four  or  six  ends  more. 

DiAZOTISINO   AND   DEVELOPING  OF   THE    SuBSTANTIVB    DyBSTUFFS. 

Method  (2). 

The  fastness  to  washing  and  soaping  of  a  number  of  substantive 
cotton  dyestuffs  may  be  considerably  improved  by  diazotising 
and  developing.  The  depth  of  shade  is  also,  in  many  cases, 
considerably  increased  by  this  treatment. 

The  cotton  is  dyed  in  the  usual  manner ;  it  should  be  rinsed 
before  entering  into  the  nitrite  bath.  Wringing  or  hydro- 
extracting  after  the  rinsing  may  be  dispensed  with  in  most  cases. 

The  diazotising  bath,  which  must  be  used  cold,  is  prepared  in 
the  following  manner  : — For  100  lbs.  of  cotton,  add  to  the  bath 
2^  lbs.  nitrite  of  soda,  dissolved  in  cold  water.  Stir  and  add 
7i  lbs.  hydrochloric  acid,  82°  Tw.,  or  5  lbs  sulphuric  acid, 
168°  Tw. 

If  the  bath  is  used  for  diazotising  further  lots,  only  one-third, 
of  the  above  quantities  should  be  added  for  every  fresh  quantity 
of  cotton. 

An  excess  of  nitrous  acid  in  the  diazotising  bath  has  no 
injurious  effect;  it  should,  however,  be  carefully  avoided  on 
account  of  economy. 

The  presence  of  free  nitrous  acid  can  be  readily  detected.     A 
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piece  of  potassium  iodide  starch  paper,  when  dipped  into  the  bath, 
turns  blue. 

The  process  of  diazotising  is  best  carried  out  in  wooden  vessels. 

The  diazotising  is  usually  completed  after  10  to  15  minutes. 
The  material  is  now  allowed  to  drain  (wringing  or  squeezing  is 
not  necessary),  and  it  should  then  be  immediately  rinsed  in  a 
cold  bath  containing  about  J  gallon  of  hydrochloric  acid  per  100 
gallons  of  water. 

The  goods  must  not  be  exposed  to  direct  sunlight  whilst  in  the 
diazotising  bath,  or  after  diazotising  and  before  developing,  and 
they  must  not  be  allowed  to  come  into  contact  with  hot  steam 
pipes,  or  the  diazo-compound  will  be  decomposed  and  uneven 
shades  will  be  produced. 

The  material  is  now,  without  delay,  transferred  to  the  cold 
dn'doping  bathy  in  which  it  is  treated  for  a  short  time.  Rinsing 
and,  if  necessary,  soaping  complete  the  process. 

Preparation  of  the  Stock  Solutions  for  Developing. 

(a)  Phenol. 

Mix  4  lbs.  11  ozs.,  with  12  lbs.  caustic  soda  lye,  77°  Tw.,  and 
dissolve  in  10  gallons  boiling  water. 

(t).  Alpha  Naphthol. 

(c).  Beta  Naphthol. 

Dissolve  7  lbs.  3  ozs.,  in  6  lbs.  caustic  soda  lye  77°  Tw.,  and 
10  gallons  boiling  water. 

{(I).  Resorcine. 

Mix  5J  lbs.  with  12  lbs.  caustic  soda  lye  77°  Tw.,  and  dissolve 
in  10  gallons  boiling  water. 

(c).  Meta-toliiylene  diamine. 

4J  lbs.  and  J  lb.  soda  ash  are  dissolved  in  10  gallons  water. 

(/).  Nerogene  D  {Be.). 

Stir  IJ  lbs.  with  J  gallon  water,  at  ordinary  temperature,  add 
IJ  lbs.  hydrochloric  acid  32°  Tw.,  stir  until  completely  dissolved, 
pour  the  solution  into  the  developing  bath  and  add  afterwards 
5  lbs.  of  soda  ash. 

(g).  Ox  amine  Developer  B  {Ba.). 
Dissolve  the  developer  in  hot  water. 
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(//).  Oxamine  Developer  M  (7ia.). 

Dissolve  the  developer  in  hot  water,  and  add  1-8  lbs.  of  soda 
ash  to  the  developing  bath. 

(i).  Oxamine  Developer  li  (Ba,). 

Dissolve  5  lbs.  of  the  developer  with  the  addition  of  1  lb.  of 
hydrochloric  acid. 

(j).  Soda. 

Diazotise  in  the  usual  manner,  rinse  without  the  addition  of 
acid,  work  for  about  20  minutes  at  about  120°  F.,  in  a  bath  con- 
taining 2*5  to  5  per  cent  of  soda  ash. 

(fc).  Amidonaphtholsulphonic  acid  [Blue  Developer  AN  (Ca.)^. 

18^  lbs.  of  the  developer  are  mixed  ^ith  10  gallons  cold 
water.  Allow  to  stand  until  frothing  has  ceased,  and  raise  the 
temperature  to  the  boil. 

{I).  Amidodiphenylaniine  [Fast  Blue  Developer  AD  (Ca.)]. 
8   lbs.  11  ozs.  of  the  developer  are  dissolved  in  10  gallons 
boiling  water,  to  which  1^  lbs.  hydrochloric  acid  has  been  added. 

{m).  Beta-naphtholsidphonic  acid  {Schaeffer* 8  acid). 
12^  lbs.  of  the  developer  and  7^  lbs.  soda  ash  are  dissolved  in 
10  gallons  boiling  water. 

(n).  yieta-phenylene  diamine, 

4^  lbs.  of  the  developer  and  1^  lbs.  of  soda  ash  are  dissolved  in 
10  gallons  boiling  water. 

(o).  Ethyl  heta-naphthylamine  {Developer  B), 
4J  lbs.  of  developer  are  dissolved  in  20  gallons  of  water  with 
the  addition  of  1  lb.  hydrochloric  acid. 

{p).  Bordeaux  Developer  {ML.,  Ca.). 

21  lbs.  4j  ozs.  developer  are  dissolved  in  10  gallons  boiling 
water,  to  which  IJ  pints  hydrochloric  acid  have  been  added. 

{q),  Naphthylamine  ether  powder  {C a.). 

2  lbs.  4^  ozs.  are  dissolved  in  1  lb.  2  ozs.  hydrochloric  acid  and 
10  gallons  boiling  water. 

(/•)•  Naphthylamine  ether  N  powder  ((' a.). 

2  lbs.  4 J  oz.  are  dissolved  in  10  gallons  boiling  water  with  the 
addition  of  J  pint  hydrochloric  acid. 

The  following  quantities  of  the  above  solutions  are  added  to 
the  developing  bath  for  medium  and  dark  shades,  per  10  lbs.  of 
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cotton  : — (a),  (b),  (c),  (d),  (m) :  IJ  pints;  (e),  (A;),  (n) :  IJ  pints  ; 
(Z):  4  pints  ;  (j>),{q),{r):  6^  pints ;  (/):  IJ  ozs.  developer  and 
5  ozs.  of  soda  ash  are  added  to  the  developing  bath  after  the 
developer  has  been  added  ;  (g),  (i) :  1^  to  2J  ozs.  of  the  developer ; 
(h) :  1^  to  2^  ozs.  developer  and  1^  to  '5  ozs.  soda  ash  should  be 
added  to  the  developing  bath  ;  (o) :  8  pints. 

If  the  developing  bath  is  used  repeatedly,  only  fth  of  the 
quantities  of  developer  given  above  should  be  added  for  each 
subsequent  lot  of  cotton. 

The  developed  colours  may  be  after-treated  with  copper 
sulphate  in  the  same  manner  as  the  substantive  dyestuffs. 
The  fastness  to  light  is  thereby  improved  in  many  cases. 

Shades  obtained  by  diazotising  and  developing  may  be  topped 
with  basic  cotton  dyestuffs.  The  method  is  the  same  as  for 
the  substantive  dyestuffs. 

A  great  variety  of  shades  may  be  produced  by  dyeing  with 
two  or  more  diazotisable  dyestuffs  in  the  same  bath  followed 
by  diazotising  and  developing. 

Diazotisable  dyestuffs  may  also  be  dyed  together  with  dye- 
stuffs  which  are  not  affected  by  the  process  of  diazotising. 

Very  good  results  are  obtained  by  diazotising  and  developing 
with  more  than  one  developer.  Thus  beta-naphthol  may  be 
used  together  with  resorcine  or  with  toluylene  diamine ;  or 
resorcine  may  be  used  with  phenylene  diamine  or  toluylene 
diamine. 

Loose  Cotton. 

When  diazotising  loose  cotton  it  is  of  importance  that  the 
material  should  be  completely  cooled  before  entering  it  into 
the  diazotising  bath. 

In  order  to  work  economically  it  is  necessary  to  provide  three 
vessels,  the  iirst  containing  the  nitrite  solution ;  the  second, 
acidulated  water ;  and  the  third,  the  developing  bath. 

The  diazotising,  souring  and  developing  may  also  be  carried 
out  in  an  ordinary  washing  machine. 

Convenient  methods  of  treating  small  quantities  of  loose  cotton 
after  dyeing  have  been  sugf^ested  by  Cassella  &  Co. 

Three  vessels  are  provided  in  which  the  cotton  rests  on 
perforated   false   bottoms,   which  can   be   lifted  out.      In    this 
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manner  the  cotton  may  be  conveniently  transferred  from  one 
bath  to  the  other. 

Another  method  consists  in  placing  the  cotton  into  a  net, 
which  may  be  lifted  and  passed  from  one  vessel  into  the  next. 

For  a  large  production  the  following  method  has  been  found 
very  convenient : — Three  tanks  are  built  into  the  ground  close 
to  the  vessel  in  which  the  cotton  is  dyed.  Of  these  the  middle  one 
is  pla.ced  immediately  below  the  dye-vessel.  Into  this  the  dye- 
liquor  is  run  after  dyeing.  The  cotton  is  now  rinsed  and  the 
diazotising  solution  contained  in  one  of  the  other  two  tanks  is 
pumped  over  it.,  allowed  to  act  for  15  to  20  minutes,  and  then  run 
back  into  the  tank.  The  cotton  is  then  slightly  rinsed  and 
treated  with  the  developing  bath  contained  in  the  third  tank. 

If  loose  cotton  is  dyed  in  special  machines,  all  the  different 
processes  may  be  carried  out  in  the  machine  ;  less  sodium  nitrite, 
(about  1  to  1^  per  cent.),  and  hydrochloric  acid,  (about  8  to  5 
per  cent.),  should  in  this  case  be  used. 

It  is  also  advisable  to  circulate  the  nitrite  solution  with  a 
small  portion  of  the  hydrochloric  acid  for  some  minutes  through 
the  material,  and  to  add  the  remainder  of  the  acid  gradually. 

Cotton  Yarn, 

The  operations  are  carried  out  in  the  manner  described  in  the 
introduction. 

Cops  and  Cheeses, 

The  treatment  of  cops  and  cheeses  in  special  dyeing  machines 
is  the  same  as  that  recommended  for  loose  cotton. 

Wai-ps. 

Cotton  warps  may  be  diazotised  and  developed  in  an  ordinary 
warp  dyeing  machine.  The  warps  are  rinsed  in  the  first  box 
and  passed  through  the  nitrite  solution  in  the  second  box.  Half 
the  sodium  nitrite  and  the  hydrochloric  acid  is  added  first, 
whilst  the  other  half  is  allowed  to  flow  gradually  into  the  box 
during  the  passage  of  the  warps.  The  third  box  contains 
running  water  or  acidulated  water,  and  the  last  box  the  develop- 
ing bath. 

The  warps  are  now  passed  through  a  washing  machine  and 
are  finally  dried. 
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Cotlon  fwcvifooda. 

When  diazotising  and  developing  piecegoodg  in  the  jigger, 
two  ends  should  be  given  both  in  the  nitrite  bath  and  in  the 
developing  hath.  One  half  of  the  additions  should  he  made 
before  running  the  pieces  the  first  end,  the  other  half  before  the 
second  end. 

The  construction  of  a  Cantinuom  Machini-  jov  Diazotubuj  and 
Ih'vdopinfi  is  illustrated  in  Fig.  58.  {Die  BaiimiroUfi'irbeiei, 
L.  Cassella  &  Co.). 

A  is  the  compartment  containing  the  diazotiblng  solution. 
I   and  II  are  two  vessels  containing   the   solutions    of  sodium 


Pio.  58.^ — Continuous  Machine  for  DiazotiBing  and  Developing. 

nitrite  and  of  hydrochloric  acid  respectively,  from  which  A  is 
continuously  fed.  B  contains  acidulated  water,  and  C  the 
developing  bath.  Ill  contains  the  stock  solution  of  the  developer, 
which  ia  gradually  run  into  C. 

A  is  filled  half  full  with  water  containing  1^  lbs.  sodium  nitrite 
and  5  lbs.  hydrochloric  acid,  per  100  gallons. 

I  is  charged  with  1  per  cent,  of  sodium  nitrite,  dissolved  in 
water,  and  II  with  S  per  cent,  of  hydrochloric  acid,  diluted  with 
water  (both  calculated  on  the  dry  weight  of  cloth  which  it  is 
intended  to  pass  through  the  machine).  The  flow  of  the  solutions 
from  I  and  H  should  be  regulated  in  such  a  maimer  that  the 
whole  amount  has  been  discliarged  as  soon  as  the  last  piece  ban 
passed  through  the  machine.  The  diazotising  bath  should 
always  snioU  faintly,  not  strongly,  of  nitrous  acid. 
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B  is  supplied  with  running  water,  to  which,  from  time  to 
time,  a  small  quantity  of  hydrochloric  acid  is  added.  The  bath 
should  always  react  slightly  acid. 

For  developing,  C  is  charged  with  IJ  lbs,  beta-naphthol  and 
IJ  lbs.  caustic  soda  lye,  77°  Tw.,  per  100  gallons  of  liquor. 

Ill  is  charged  with  0*6  per  cent,  beta-naphthol  and  IJ  per 
cent,  caustic  soda  lye,  calculated  on  the  dry  weight  of  cloth. 

Other  developers  may  be  used  in  place  of  beta-naphthol  in  the 
proportions  given  on  p.  218. 

After  developing,  the  pieces  are  allowed  to  lie  for  about 
1  hour.     They  are  finally  rinsed  and,  if  necessary,  soaped. 

Coupling  of  the  Direct  Dyeing  Cotton  Dybstuffs  on 
THE  Fibre  with  Paranitraniline. 

Method  (3). 

A  number  of  the  direct  dyeing  cotton  dyestuflfs  may  be  coupled 
on  the  fibre  with  diazotised  paranitraniline ,  Nitrazol  (Ca.),  Azophor 
Red  (ML.)^  Nitrosamine  (Ba.).  The  fastness  of  the  shades  to 
washing,  to  milling,  and  to  acids  is  thereby  considerably 
increased. 

The  method  consists  in  treating  the  dyed,  rinsed  cotton  for 
about  ^  hour  in  the  cold  coupling  bath,  which  has  been  charged 
with  the  necessary  quantities  of  diazotised  paranitraniline,  soda 
and  sodium  acetate. 

For  the  purpose  of  shading,  principally  blacks,  blues,  etc.,  a 
small  quantity  of  a  solution  of  a  basic  cotton  dyestuff,  such  as 
Methylene  Blue,  Methyl  Violet,  etc.,  may  be  added  direct  to  the 
coupling  bath. 

The  cotton  should  be  well  rinsed  after  coupling. 

The  following  coupling  baths  may  be  used  : 

Paranitraniline  C  (Ca,).  For  100  lbs.  of  cotton  dyed  with 
8  to  4  per  cent,  of  dyestuff  use  5  to  7  gallons  diazotised  parani- 
traniline 0, 1  to  1  lb.  soda  ash,  and  5  to  6^  lbs.  sodium  acetate. 

Preparation  of  the  diazotised  paranitraniline  C.  2  lbs.  parani- 
traniline C ;  1^  gallons  boiling  condensed  water ;  stir  well,  and 
add  i  gallon  hydrochloric  acid,  32°  Tw. ;  stir  until  completely 
dissolved  and  add  3^  gallons  cold  water.  The  hydrochloride 
of  paranitraniline  will  be  precipitated  in  the  form  of  a 
yellow  paste.    Allow  to  cool,  and  when  quite  cold,  add  whilst 
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continuously  stirring  J  lb.  nitrite  of  soda  dissolved  in  1  gallon 
cold  water.  The  solution  becomes  clear  after  about  20  minutes, 
and  is  now  made  up  with  cold  water  to  20  gallons.  The  diazo- 
solution  will  keep  for  some  time,  but  it  must  be  stored  either  in 
wooden  or  earthenware  vessels  and  protected  from  heat  and 
sunlight. 

When  using  Niirazol  C  (Ca.)  in  place  of  paranitraniline  the 
solution  is  prepared  by  stirring  the  Nitrazol  into  a  uniform 
paste  with  a  small  quantity  of  water,  at  68°  to  77°  P.  A  sufficient 
quantity  of  cold  water  is  then  added  to  dissolve  the  Nitrazol 
completely. 

8  to  4  lbs.  Nitrazol  C,  f  to  1  lb.  soda  ash  and  3  to  4  ozs.  sodium 
acetate  or  2  to  4  per  cent,  of  Azophor  Red  or  Azoplwr  Orange 
(ML.)  and  1  to  2  per  cent,  of  sodium  acetate  may  be  used  in 
place  of  diazotised  paranitraniline  for  100  lbs.  of  cotton,  dyed 
with  3  to  4  per  cent,  of  dyestuff.  For  the  method  of  dissolving 
these  substances,  see  p.  277. 

Coupling  with  Nitrosamine  Red  paste  (Ba,).  Mix  3J  lbs. 
Nitrosamine  Eed  paste  with  6J  gallons  cold  water  and  pour  in 
slowly,  while  stirring,  1  lb.  5  ozs.  hydrochloric  acid,  32°  Tw., 
Allow  to  stand  for  J  hour,  pour  the  mixture  into  the  cold 
coupling  bath  and  add  immediately  before  entering  the  cotton 
a  solution  of  1  lb.  5  ozs.  sodium  acetate. 

Loose  Cotton. 

Shades,  chiefly  blacks  and  browns,  dyed  on  loose  cotton  may 
be  coupled  with  paranitraniline,  etc.,  in  any  ordinary  dye-vessel. 
The  coupling  bath  should  be  used  about  one-fourth  stronger  than 
given  above ;  it  is  desirable  to  omit  the  addition  of  soda  and 
sodium  acetate. 

Coj^s  and  Cheeses. 

The  coupling  is  carried  out  in  the  dyeing  machines.  A  some- 
what larger  quantity  of  paranitraniline  should  be  used,  without 
the  addition  of  soda  or  sodium  acetate.  One  half  of  the  quantity 
required  should  be  added  at  the  beginning,  the  other  half  after 
the  liquor  has  been  allowed  to  circulate  for  10  to  15  minutes. 
After  coupling,  the  material  is  thoroughly  rinsed,  and,  if 
necessary,  soaped. 
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Cotton  Yarn. 

Shades  dyed  on  cotton  yarn  are  coupled  in  the  ordinary  dye- 
beck. 

Cotton   lVar2)s. 

Cotton  warps  dyed  with  certain  of  the  direct  dyeing  cotton 
dyestuffs  are  coupled  with  paranitraniline,  etc.,  by  giving  them 
either  one  or  two  passages  through  an  ordinary  warp  dyeing 
machine  containing  the  cold  diazo-solution. 

100  lbs.  of  warps  require  about  180  gallons  liquor,  9  to  18  gallons 
diazotised  paranitraniline,  or  4  to  6  lbs.  Nitrazol  C,  1  to  1^  lbs. 
soda  ash  and  4  to  6^  ozs.  sodium  acetate. 

Two  separate  solutions  (1  and  2)  are  prepared  and  kept  in 
small  vessels  placed  above  the  machine.  The  coupling  bath  is 
continuously  fed  from  these  vessels  during  the  passage  of  the 
warps  through  the  machine. 

Solution  (1).  9  gallons  diazotised  paranitraniline  reduced  with 
cold  water,  or  4  lbs.  of  Nitrazol  C  dissolved  in  10  gallons  of  cold 
water. 

Solution  (2).  1  lb.  1^  ozs.  soda  ash,  5  ozs.  sodium  acetate, 
10  gallons  water. 

After  coupling,  the  warps  are  thoroughly  rinsed  in  hot  water 

and  soaped. 

Piecegoods. 

The  following  method  is  applied  when  coupling  piecegoods, 
dyed  with  substantive  dyestuffs. 

The  dyed,  well-rinsed  pieces  are  given  two  ends  in  the  jigger, 
which  is  charged  per  10  gallons  of  liquor  with  2^  pints 
diazotised  paranitraniline,  §  oz.  soda  ash,  ^  oz.  sodium  acetate, 
and,  in  addition,  according  to  the  depth  of  the  shade,  for  every 
10  lbs.  of  material,  2^  to  5f  pints  diazotised  paranitraniline, 
f  to  1^  ozs.  soda  ash  and  ^  to  §  oz.  sodium  acetate. 

In  place  of  the  diazotised  paranitraniline  used  above,  8^  ozs. 
and  3  to  6J  ozs.  respectively,  of  Nitrazol  C,  or  2  to  4  per  cent,  of 
Azophor  Bed  and  1  to  2  per  cent,  sodium  acetate  may  be  used. 

The  coupling  may  be  carried  out  in  the  padding  machine  as 
described  under  **  Paranitraniline  Bed." 

Two  passages  should  be  given,  and  the  strength  of  the  diazo- 
solution  should  only  be  one-third  or  one-fourth  of  that  used  for 
Paranitraniline  Bed. 
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After  coupling,  the  pieces  are  batched  or  plaited  down, 
allowed  to  lie  for  f  to  1  hour,  rinsed  and  dried. 

For  the  purpose  of  shading,  basic  dyestuffs,  such  as  Methylene 
Blue,  etc.,  may  be  added  to  the  coupling  bath. 

After-treatment  of  the  Substantive  Cotton  Dyestuffs  with 

Metallic  Salts,  etc. 

It  is  well  known  that  the  fastness  to  light  of  shades  which 
have  been  dyed  with  the  substantive  cotton  dyestuffs  is  improved 
if  the  goods  are  heavily  stiffened  with  starches,  gums,  etc.,  after 
dyeing. 

The  fastness  of  dyestuffs  which  are  sensitive  to  acid,  such  as  the 
BenzopurpurlneSy  is  considerably  increased,  if  the  cotton  is  not 
rinsed  after  dyeing,  i.^.,  if  the  cotton  is  allowed  to  retain  some  of 
the  alkaline  dye-liquor.  The  shades  may  be  brightened,  and  at 
the  same  time  made  faster  by  an  after-treatment  with  soda 
(3  to  5  per  cent,  solution)  or  with  soda,  5  parts,  and  Turkey-red 
oil,  20  parts,  per  100  parts  of  water. 

The  shades  of  substantive  blacks  are  improved  by  passing  them 
through  a  lukewarm  bath,  containing  about  1  lb.  of  soap  and 
J  lb.  of  olive  oil  per  20  gallons. 

In  the  following  part  the  different  methods  of  after-treatment 
of  the  substantive  cotton  dyestuffs  for  the  purpose  of  increasing 
their  fastness  to  light  and  to  washing  will  be  described. 

Method  (4). 

The  material  is  well  rinsed  after  dyeing,  and  treated  for  \  hour 
at  the  boil  with  2  to  3  per  cent,  of  potassium,  or  sodium  bichro- 
mate, with  or  without  the  addition  of  a  small  quantity  of  acetic 

acid. 

Method  (5). 

Einse  the  material  well  after  dyeing  and  treat  for  J  hour  at 
120*^  to  140°  F.,  with  1  to  4  per  cent,  of  copper  sulphate  and  1  to 
2  per  cent,  acetic  acid ;  rinse  and  dry. 

Basic  dyestuffs  may  be  added  to  the  copper  bath  for  shading 
purposes.  In  this  case  the  cotton  ought  to  be  entered  cold,  and 
the  bath  heated  gradually  to  140"^  F. 

The  after-treatment  with  copper  sulphate  improves  the  fast- 
ness to  washing,  but  especially  the  fastness  to  light.     Shades 
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dyed   with  BenzoazurinCy   for  instance,  become  faster   to   light 
than  indigo. 

Salts  of  nickel  and  cobalt,  if  used  in  place  of  copper  sulphate, 
do  not  alter  the  shades  quite  as  much. 

They  are,  however,  more  expensive,  and  they  do  not  improve 
the  fastness  to  light  as  much  as  an  after-treatment  with  copper 
sulphate. 

Method  (6). 

The  well-rinsed  material  is  treated  for  J  hour  at  140®  to  212°  F., 
with  1  to  3  per  cent,  of  bichrome,  1  to  3  per  cent,  of  copper 
sulphate,  and  1  to  3  per  cent,  acetic  acid. 

Shades  treated  by  this  method  are  faster  to  washing  than 
those  treated  with  copper  sulphate  alone,  whilst  the  fastness  to 
light  is  the  same. 

1  to  2  per  cent,  of  sulphuric  acid  168°  Tw.  may  be  used  in  place 
of  the  acetic  acid.  The  cotton  should  be  finally  well  rinsed 
and,  if  necessary,  soaped. 

Method  (8). 

The  fastness  to  washing  may  also  be  improved  by  treating  the 
dyed,  well-rinsed  material  for  15  to  20  minutes  at  120®  to  140°  F., 
or  for  J  hour  in  a  cold  bath  with  J  to  3  per  cent,  of  formaldehyde 
(40  per  cent).  2  to  3  per  cent,  of  acetic  acid  may  be  added  to  the 
formaldehyde  bath. 

Method  (9). 

The  fastness  to  washing  and  to  acids  of  some  of  the  substantive 
dyestuflfs  is  improved  by  an  after-treatment  with  Solidogen 
(Meister,  Lucius  and  Briining).  Rinse  the  cotton  well  after 
dyeing,  and  treat  for  ^  hour  in  the  boiling  Solidogen  bath. 
Finally  rinse  well  and  dry. 

The  bath  is  prepared  by  adding  first  2  per  cent,  hydrochloric 
acid,  and  then  2  to  6  per  cent.  Solidogen. 

5  to  10  lbs.  of  ammonium  sulphocyanide  should  be  added  first 
per  100  gallons  of  liquor,  if  the  treatment  has  to  be  carried  out 
in  copper  vessels. 

M€thod  (10). 

The  fastness  to  washing  may  be  improved  by  one  of  the 
following  treatments : — 

Treat  the  dyed,  well-rinsed  cotton  for  J  hour  at  140°  to  212°  F., 
with  2  to  4  per  cent,  chromium  chloride  (20°  Be.),  or  2  to  4  per 

B.D.  Q 
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cent,  chromium  fluoride  and  2  to  3  per  cent,  acetic  acid,  or  4  to  5 
per  cent,  chrome  alum  and  2  to  3  per  cent,  acetic  acid ;  rinse 
and  dry.  The  fastness  to  light  is  not  affected  by  these  after- 
treatments. 

Method  (11). 

Very  fast  reddish-yellow  shades  are  produced  by  dyeing  with 
Primulinc  and  after- treating  with  a  solution  of  bleaching  powder. 

The  well-rinsed  cotton  is  treated  for  J  hour  at  70"^  F.  in  a 
bath  containing  ^  gallon  of  bleaching  powder  solution,  15°  Tw., 
per  100  gallons  of  water,  and  finally  well  rinsed.  The  higher  the 
temperature  of  the  bleaching  powder  solution,  the  yellower  will 
be  the  shade  obtained. 

If  the  temperature  is  gradually  raised  to  120°  F.,  the  reddish 
tone  gives  place  to  a  clear  yellow  ;  this,  however,  slowly 
deteriorates  with  age,  going  back  to  the  original  shade. 

The  fastness  to  water  of  shades  dyed  with  the  substantive  dye- 
stuffs  may  also  be  improved  by  an  after-treatment  with  a  ^  per 
cent,  solution  of  alum,  or  5  per  cent,  of  aluminium  acetate 
(10°  Tw.)  The  cotton  should  be  treated  in  the  cold  bath  for 
about  15  minutes. 

For  the  same  purpose  the  following  may  also  be  employed  : 
J  per  cent,  aluminium  sulphate  and  i  per  cent,  sodium  acetate ; 
or  i  per  cent,  aluminium  sulphate  and  ^  per  cent,  soda  ash  ;  or 
'2^  to  3  per  cent,  pyrolignite  of  iron,  16°  Tw. 

The  after-treatment  with  pyrolignite  of  iron  renders  the 
shades  somewhat  duller. 

In  order  to  improve  the  fastness  to  washing  of  the  substantive 
cotton  dyestuffs,  VVarr  suggests  an  after-treatment  with  mag- 
nesium sulphate  followed  by  a  passage  through  a  weak  solution 
of  caustic  soda. 

The  Bayer  Company  recommend  the  addition  of  a  small 
quantity  of  stannate  of  soda  to  the  caustic  soda  bath,  by  means 
of  which  the  shades  become  still  faster.  By  applying  this  treat- 
ment to  Benzo  Fast  Scarlet,  a  red  is  obtained  which  is  almost  as 
fast  as  some  of  the  diazotised  and  developed  reds. 

The  fastness  to  washing  of  the  substantive  dyestuffs  dyed  on 
cops  or  cheeses  may  be  improved  by  an  after-treatment  with  a 
solution  of  sulphate-acetate  of  alumina. 

Blacks   and   other  dark   shades   may   be   after-treated   with 
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tannins,  fixed  with  pyrolignite  of  iron.  The  cotton  is  considerably 
weighted  by  this  method. 

The  after-treatments  described  can  be  carried  out  in  the 
vessels  or  machines  used  for  dyeing  materials  such  as  cops, 
cheeses,  etc. 

Topping  of  Substantive  Dyestuffs  with  Basic  Dybstuffs. 

Shades  produced  by  dyeing  with  the  substantive  cotton  dye- 
stuflfs  do  not,  as  a  rule,  possess  the  brilliancy  and  richness  "  over 
hand ''  of  the  basic  cotton  dyestuffs  dyed  on  a  tannin-antimony 
mordant. 

The  property  of  the  substantive  dyestuffs  to  act  as  a  mordant 
for  the  basic  dyestuffs  is  frequently  made  use  of. 

For  this  purpose  the  material,  dyed  with  the  substantive  dye- 
stuff  in  the  usual  manner,  is  rinsed  and  topped  with  a  basic 
dyestuff  in  a  separate  bath.  In  order  to  prevent  uneven  dyeing, 
the  dyestuff  solution  should  be  added  in  portions  and  an  addition 
of  a  small  quantity  of  acetic  acid  or  alum  should  be  made  to  the 
dye-bath. 

Another  method  consists  in  dyeing  the  cotton  in  a  bath  which 
contains  besides  the  substantive  dyestuff  an  addition  of  2  to  4  per 
cent,  of  tannic  acid.  The  material  is  treated  for  1  hour  at)  the 
boil  and  allowed  to  remain  in  the  cooling  bath  for  some  time. 
After  wringing  or  hydroextracting,  the  tannic  acid  is  fixed  in  a 
fresh  bath  with  tartar  emetic.  The  cotton  is  now  washed  and 
topped  with  the  basic  dyestuff. 

Duller  and  darker  shades  are  obtained  if  pyrolignite  of  iron 
or  another  iron  mordant  is  used  in  place  of  the  tartar  emetic. 

The  fastness  of  shades  obtained  by  the  last  two  methods  is  very 
satisfactory,  whilst  shades  obtained  by  the  first  method  are  not 
as  fast  as  similar  shades  produced  by  dyeing  with  a  basic  dyestuff 
on  a  tannin-antimony  mordant. 
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PART  X 


SULPHUR  DYESTUFFS 


Yellows  and  Oranges. 

AuTonal  Orange  (W.). 
Auronal  Yellows  (W.). 
Cross  Dye  YeUow  (H.). 
Eclipse  Phosphines  (0.). 
Eclipse  Yellows  (G. ). 
Immedial  Orange  (Ca.). 
Immedial  Yellow  (Ca.). 
Katigen  Yellows  (By.). 
Kryogene  Yellows  (Ba.). 
Pyrogene  Orange  (CI.). 
Pyrogene  Yellows  (CI.). 
Pyrol  Yellows  (Leo.). 
JSulphurol  Orange  (Da.). 
Sulphurol  Yellows  (Da.). 
Sulphur  Yellow  (Be.). 
Thiogene  Golden  Yellow  (ML.). 
Thiogene  Oranges  (ML.). 
Thiogene  YeUows  (ML.). 
Thional  Yellows  (Sa.). 
Thionol  Oranges  (Lev.). 
Thionol  Yellows  (Lev.). 
Thion  Oranges  (Ka.). 
Thion  Yellows  (Ka.). 
Thiophor  Cutch  G,  R,  KR  (J.). 
Thiophor  Khaki  (J.). 
Thiophor  Orange  (J.). 
Thiophor  Yellows  (J.). 
Thioxine  Orange  (Oe.). 
Thioxine  Yellow  (Oe.). 

Beds. 

Auronal  Corinth  (W.). 
Immodial  Bordeaux  (Ca.). 
Katigen  Bordeaux  (By.). 
Sulphur  Corinth  (Be.). 


Sulphurol  Bordeaux  (Da.). 
Thiogene  Dark  Reds  (ML.). 
Thiogene  Purple  (ML.). 

Blues  and  Violets. 

Auronal  Blues  (W.). 
Cross  Dye  Blues  (H.). 
Eclipse  Blues  (G.). 
Eclipse  Fast  Dark  Blues  (G.). 
Eclipse  Violet  (G.). 
Immedial  Blues  (Ca.). 
Immedial  Dark  Blue  (Ca.). 
Immedial  Direct  Blues  (Ca.). 
Immedial  Green  Blues  (Ca.). 
Immedial  Indogene  (Ca.). 
Immedial  Indone  (Ca.). 
Immedial  Indone  Violet  (Ca.). 
Immedial  New  Blue  (Ca.). 
Immedial  Prune  (Ca.). 
Immedial  Pui-ple  (Ca.). 
Immedial  Sky  Blue  (Ca.). 
Immedial  Violet  (Ca.). 
Katigen  Azurine  (By.). 
Katigen  Blue  B.  (By.). 
Katigen  Chrome  Blues  (By.). 
Katigen  Dark  Blue  (By.). 
Katigen  Direct  Blue  (By.). 
Katigen  Indigos  (By.). 
Katigen  Navy  Blues  (By.). 
Katigen  Violets  (By.). 
Kryogene  Black  Blues  (Ba.). 
Kryogene  Blues  (Ba.). 
Kryogene  Direct  Blues  (Ba.). 
Kryogene  Violet  (Ba.). 
Melanogene  Blues  (ML.). 
Pyrogene  Blues  (CI.). 
Pyrogene  Cyanine  (CI.). 
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Pyrogene  Direct  Blues  (01.). 
Pyrogene  Indigos  (CT.). 
Pyrol  Blues  (Leo.). 
Pyrol  Direct  Blue  (Leo.). 
Pyrol  Navy  Blue  (Leo.). 
Sulphur  Blue  L  extra  (Be.). 
Sulphur  Lidigo  (Be.). 
Sulphurol  Direct  Blue  (Da.). 
Sulphorol  Indigo  (Da.). 
Thiogene  Blues  (ML.). 
Thiogene  Gyanines  (ML.). 
Thiogene  Dark  Blues  (ML.). 
Thiogene  Deep  Blue  (ML.). 
Thiogene  Heliotrope  (MTj.). 
Thiogene  New  Blues  (ML.). 
Thiogene  Violets  (ML.). 
Thional  Blues  (Sa.). 
Thional  Indigos  (Sa.). 
Thion  Blue  (Ka.). 
Thion  Deep  Violet  (Ka.). 
Thion  Direct  Blues  (Ka.). 
Thion  Navy  Blues  (Ka.). 
Thion  Violets  (Ka.). 
Thionol  Blues  (Lev.). 
Thion ol  Brilliant  Blue  (Lev.). 
Thionol  Dark  Blue  (Lev.). 
Thionol  Dark  Purple  (Lev.). 
Thionol  Direct  Blue  (Lev.). 
Thiophor  Blues  (J.). 
Thiophor  Cyanine  (J.). 
Thiophor  Dark  Blues  (J.). 
Thiophor  Indigos  (J.). 
Thiophor  Navy  Blues  (J.). 
Thiophor  Violet  (J.). 

Greeks. 

Auronal  Greens  (W.). 
Cross  Dye  Greens  (H.). 
Eclipse  Fast  Greens  (G.). 
Eclipse  Fast  Olive  (G.). 
Eclipse  Greens  (G.). 
Eclipse  Olive  (G.). 
Immedial  Brilliant  Green  (Oa.). 
Immedial  Dark  Green  (Ca.). 
Immedial  Deep  Green  (Ca.). 
Immedial  Greens  (Ca.). 
Immedial  Olives  (Ga.). 


Immedial  Yellow  Olive  (Ca.). 
Katigen  Brilliant  Greens  (By.). 
Katigen  Dark  Green  B  (By.). 
Katigen  Greens  (By.). 
Katigen  Olives  (By.). 
Kryogene  Olives  (Ba.). 
Pyrogene  Blue  Green  B  (CI.). 
Pyrogene  Dark  Green  B,  3B  (CI.). 
Pyrogene  Green  2G,  3G  (CL). 
Pyrol  Greens  (Leo.). 
Sulphurol  Dark  Greens  (Da.). 
Sulphurol  Greens  (Da.). 
Sulphur  Olive  (Be.). 
Thiogene  Greens  (ML.). 
Thion  Greens  (Ka.). 
Thion  Olive  (Ka.). 
Thional  Brilliant  Green  (Sa.). 
Thional  Dark  Green  (Sa.). 
Thional  Greens  (Sa.). 
Thionol  Brilliant  Greens  (Lev.). 
Thionol  Dark  Green  (Lev.). 
Thionol  Greens  (Lev.). 
Thionol  Olive  (Lev.). 
Thiophor  Dark  Green  (J.). 
Thiophor  Deep  Green  (J.). 
Thiophor  Greens  (J.). 
Thiophor  Olives  (J.). 
Thiophor  Yellow  Olive  (J.). 
Thioxine  Olives  (Oe.). 

Browns. 

Auronal  Black  Browns  (W.). 
Auronal  Khaki  (W.). 
Cachou  de  Laval  (Poir.). 
Cachou  R.  (Poir.). 
Cross  Dye  Browns  (H.). 
Cross  Dye  Drab  (H.). 
Eclipse  Bed  Brown  cone.  (G.). 
Immedial  Bronze  (Ca.). 
Immedial  Browns  (Ca.). 
Immedial  Cutch  (Ca.). 
Immedial  Dark  Browns  (Ca.). 
Immedial  Maroon  (Ca.). 
Immedial  Red  Brown  (Ca.). 
Immedial  Yellow  Brown  (Ca.). 
Katigen  Black  Browns  (By.). 
Katigen  Bronze  GL  (By.). 
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Katigen  Browns  (By.). 
Katigen  Chrome  Brown  (By.). 
Katigen  Cutch  (By.). 
Katigen  Khaki  G  extra  (By.). 
Katigen  Bed  Browns  (By.). 
Katigen  Yellow  Browns  (By.). 
Kryogene  Browns  (Ba.). 
Kryogene  Red  Brown  (Ba.). 
Pyrogene  Browns  (01.). 
Pyrogen e  Catechu  (CI.). 
Pyrol  Bronze  (Leo.). 
Pyrol  Browns  (Leo.). 
Pyrol  Dark  Browns  (Leo.). 
Pyrol  Red  Brown  (Leo.). 
Sulphur  Browns  (Be.). 
Sulphur  Catechu  (Be.). 
Sulphurol  Browns  (Da.). 
Sulphurol  Dark  Brown  (Da.). 
Thiocatechine  I,  III  (Poir.). 
Thiogene  Bronze  (ML.). 
Thiogene  Browns  (ML.). 
Thiogene  Cutch  (ML.). 
Thiogene  Khaki  (ML.). 
Thiogene  Olive  (ML.). 
Thiogene  Yellow  Brown  (ML.). 
Thional  Bronze  (Sa.). 
Thional  Browns  (Sa.). 
Thional  Dark  Browns  (Sa.). 
Thion  Browns  (Ka.). 
Thion  Cutch  R,  2R  (Ka.). 
Thion  Violet  Brown  (Ka.). 
Thionol  Brilliant  Corinth  (Lev.). 
Thionol  Browns  (Lev.). 
Thional  Corinth  (Lev.). 
Thionol  Khaki  (Lev.). 
Thiophor  Black  Browns  (J.). 
Thiophor  Bronze  (J.). 
Thiophor  Browns  (J.). 
Thiophor  Dark  Brown  (J.). 
Thiophor  Red  Brown  (J.). 
Thiophor  Violet  Brown  (J.). 
Thiophor  Yellow  Brown  (J.). 
Thioxine  Browns  (Oe.). 


Blacks 

Autogene  Black  (Poir.). 
Auronal  Blacks  (W.). 
Black  EEB(Poir.). 
Cross  Dye  Black  (H.). 
Eclipse  Blacks  (G.). 
Immedial  Blacks  (Ca.). 
Iinmedial  Brilliant  Blacks  (Ca.). 
Immedial  Brilliant  Carbons  (Ca.). 
Immedial  Carbons  (Ca.). 
Indo  Carbon  S,  SF  pat.  (Ca.). 
Katigen  Blacks  (By.). 
Katigen  Blue  Blacks  (By.). 
Katigen  Brilliant  Black  (By.). 
Katigen  Deep  Blacks  (By.). 
Kryogene  Blacks  (Ba.). 
Osfathion  Black  (OSF.). 
Pyrogene  Black  (CL). 
Pyrogene  Deep  Black  (CL). 
Pyrogene  Greys  (CL). 
Pyrol  Blacks  (Leo.). 
Pyrol  Blue  Black  (Leo.). 
Pyrol  Brilliant  Black  (Leo.). 
Sulphenol  Blacks  (C). 
Sulphur  Blacks  (Be.). 
Sulphurol  Blacks  (Da.,  CL). 
Thiogene  Blacks  (ML.). 
Thiogene  Diamond  Black  (ML.). 
Thional  Blacks  (Sa.). 
Thion  Blacks  (Ka.). 
Thionol  Blacks  (Lev.). 
Thionol  Brilliant  Hlacks  (Lev.). 
Thionol  Greys  (Ijqv.), 
Thiophenol  Blacks  (CL). 
Thiophor  Blacks  (J.). 
Thiophor  Blue  Black  (J.). 
Thiophor  Brilliant  Carbon  (J.). 
Thiophor  Carbon  (J.). 
Thiophor  Deep  Black  (J.). 
Thiophor  Field  Grey  (J.). 
Thioxine  Blacks  (Oe.). 
Vidal  Black  (CL,  Poir.). 


The  dyeing  with  sulphur  dyestuflfs,  a  considerable  number  of 
which  have  been  introduced  within  the  last  few  years,  has  made 
such    enormous  progress  that,    at  the  present  moment,  these 
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substances  must  be  considered  as  one  of  the  most  important  groups 
of  cotton  dyestuflfs.  Their  fastness  is  in  many  instances  excellent, 
and  in  not  a  few  cases  they  have  been  able  to  replace  some  of  the 
fastest  colouring  matters,  such  as  Aniline  black,  indigo,  catechu 
browns,  khaki,  logwood  black,  etc.  The  sulphur  dyestuffs  belong 
to  the  direct  dyeing  dyestuffs,  although  some  of  them  may  be 
dyed  like  vat-dyestuffs.  Some  of  the  substantive  cotton  dye- 
stuffs  may  be  dyed  in  the  same  bath  with  the  sulphur  dyestuffs. 
The  dyestuff  solutions  must,  however,  be  prepared  separately. 
The  application  of  the  sulphur  dyestuffs  is,  comparatively 
speaking,  simple.  The  following  general  rules  for  dyeing  may 
be  given  here.  In  nearly  every  instance  the  dyestuffs  are  dis- 
solved with  sodium  sulphide  and  soda  ash,  and  dyed  with  the 
addition  of  Glauber's  salt  or  common  salt.  In  many  cases, 
however,  the  quantities  of  the  different  ingredients  used  and  the 
methods  of  dyeing  and  of  after-treatment  vary  very  considerably, 
and  for  these  reasons  it  is  necessary,  in  order  to  obtain  satis- 
factory results,  to  describe  the  principal  methods  of  application 
somewhat  in  detail. 

Dyeing  op  Loose  Cotton. 

The  loose  cotton  is  thrown  into  the  boiling  bath  to  which  the 
dyestuff  solution  with  the  sodium  sulphide  and  the  soda  has  been 
added.  Glauber's  salt,  or  common  salt,  is  added  after  the  cotton 
has  been  properly  penetrated  by  the  dye-liquor.  The  material 
is  now  worked  with  poles  for  about  J  hour  and  allowed  to  simmer 
for  another  ^  hour.  Although  the  cotton  may  now  be  removed 
from  the  dye-bath,  it  is  by  far  better  to  allow  it  to  remain  (to 
"  feed  ")  in  the  cooling  liquor  for  some  hours,  or  even  overnight. 

Provision  should  be  made  for  pumping  the  dye-liquor  after 
dyeing  into  a  storage  tank,  because  washing  and  after-treatment, 
if  required,  may  then  be  carried  out  in  the  dye-vessel  itself. 

Dyeing  of  Cotton  Hanks. 

The  yarn  may  be  boiled  out  in  a  high -pressure  kier,  but  the 
method  most  commonly  in  use  is  to  boil  in  an  ordinary  low- 
pressure  kier  for  6  to  8  hours  with  4  to  6  per  cent,  of  soda  ash. 
The  dye-vessels  should  be  made  of  wood  or  iron ;  copper  must  be 
avoided.     Satisfactory  results  may  be  obtained  by  treating  the 
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hanks  on  ordinary  dye-sticks,  but  it  is  by  fur  better  to  employ 
hrnt  iron  r/ag  p'lpex,  which  sliould  not  be  less  than  1  inch  in 
diameter  (Fig,  59).  From  2  to  4  ll>s. 
of  yarn  are  usually  placed  on  one  stick. 
In  this  manner  the  hanks  are  com' 
pletely  immersed  in  the  dye-liquoi 
and  very  little  oxidation  ot  the  dye 
stuff  can  take  place. 

Dyeing  of  Warps, 

Warps  may  be  dyed  with  the  sulphur 
Fiii.    50.  —  T»ye-Btick     and     dyestuffs  in  an  ordinary  warp  dyeing 

Rtuffa.  the  top  guide  rollers  so  as  to  place  them 

below  the  surface  of  the  dye-liquor. 

A  Spi'cial  Warp  Dyeinij  Mai-hinc,  illustrated  in  Fig,  60,  is  recom- 
mended by  Messrs,  L.  Cassella  &  Co.  for  dyeing  the  Immi-dial 
Blacks. 

The  waggon  A  is  divided  into  six  to  eight  compartments,  each 
of  which  contains  a  boiled  warp.    From  here  the  warps  pass 


Flo.  60.— Siietial  Warp  Dyeing  Machiue  fordyeiiip  Sulphur  Hlacks. 

into  box  B,  which  contains  the  dye-liquor;  they  are  squeezed 
lietween  the  wooden  rollers  1,  2,  and  3,  on  to  which  uniform 
pressure^is  put  by  means  of  4.     After  leaving  the  dye-bath,  the 
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warps  pass  between  heavy  iron  squeezing  rollers  6,  wrapped 
with  cloth,  over  a  wooden  tension  roller  6  into  the  washing  box  C. 
Roller  6  rests  in  a  spiral  spring  by  means  of  which  the  tension 
on  the  warps  is  automatically  regulated.  During  washing,  the 
warps  pass  between  two  light  squeezing  rollers  8,  made  of  wood, 
and  ultimately  through  the  heavy  iron  rollers  9.  The  latter 
should  also  be  well  wrapped  with  cloth.  The  dye-beck  is  con- 
tinuously fed  with  concentrated  dyestufif  solution  from  tank  E 
through  pipe  a.  The  warps  are  finally  plaited  down  into  the 
waggon  D,  passed  through  a  washing  machine,  and  treated  with 
sodium  acetate. 

Dyeing  of  Cops  and  Cheeses. 

Cops  or  cheeses  may  be  dyed  in  any  type  of  apparatus,  providing 
it  does  not  contain  any  copper  parts.  Iron,  nickel,  "  nickelin  " 
(a  nickel  alloy),  or  apparatus  which  have  been  lined  with  lead, 
are  best  suited. 

The  steaming  after  dyeing,  which  is  necessary  when  using 
certain  dyestuffs,  especially  blues,  may  be  carried  out  in  the 
dyeing  apparatus.  It  is,  however,  essential  that  the  material 
should  contain  both  caustic  soda  and  sodium  sulphide  when  it  is 
steamed. 

Dyeing  op  Cotton  Piecegoods. 

The  ordinary  Lancashire  Jigger  (see  p.  368,  Fig.  90),  may  be 
used  for  dyeing  the  sulphur  dyestuffs.  The  jigger  should,  how- 
ever, be  provided  with  squeezing  rollers.  Continuous  dyeing 
machines  are  suitable  when  a  large  production  is  required,  and 
in  some  cases  satisfactory  results  are  obtained  by  applying  the 
sulphur  dyestuffs  by  means  of  the  padding  machine. 

An  Arrangement  of  Jiggers  %vith  Squeezing  Rollers  is  illustrated 
in  Fig.  61  (Messrs.  Mather  &  Piatt).  One  jigger  is  used  for 
dyeing,  the  other  one  for  washing  off  after  dyeing.  The  dye- 
becks  are  of  the  ordinary  type,  but  made  entirely  of  iron,  with 
wood  or  iron  guide  rollers  and  iron  reversing  or  draw  rollers  of 
about  8  inches  diameter.  A  swinging  pressing  roller  made  of  iron 
is  provided,  which  may  be  covered  with  rubber,  by  means  of  which 
the  excess  of  dye-liquor  is  squeezed  out.  Additional  pressure 
may  be  obtained  by  means  of  levers  and  weights.     When  dyeing 
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is  completed  the  cloth  passes  immediately  into  the  second  jigger 
for  washing  off.    One  horsv^-power  is  required  to  drive  the  jiggers. 

Another  type  of  jiggar  which  is  very  suitable  for  the  dyeing 
of  sulphur  dyestuffs  is  the  Padding  Jigger  of  Mather  &  Piatt, 
Fig.  62.  It  consists  of  the  dye-beck,  usually  made  of  cast- 
iron,  with  iron  guide  rollers.  Two  pairs  of  squeezing  rollers, 
made  of  cast-iron  or  indiarubber,  each  from  6  inches  to  8  inches 
in  diameter,  according  to  the  width  of  the  jigfger,  are  fixed 
above  the  dye-beck.  A  strap  batching  arrangement  and  the 
usual  catch  boxes  for  reversing  are  also  provided. 

The  Under-nater  Jigger,  Fig.  63,  of  Messrs.  C.  G.  Haubold  jun, 
G.m.b.H.,  differs  from  the  ordinary  type  in  that  the  cloth  is  not 
wound  direct  upon  the  draw-rollers  a,  but  upon  rollers  h,  which 
rest  upon  them.  The  speed  at  which  the  pieces  run  is,  therefore, 
a  perfectly  uniform  one  throughout  the  dyeing  operation. 
The  reversing  motion  is  automatic.  After  the  dyeing  has  been 
completed  the  rollers  carrying  the  pieces  can  be  readily  lifted 
out  of  the  dye-bath,  and  a  new  batch  of  cloth  can  be  introduced. 

The  rollers  6,  upon  which  the  cloth  is  wound,  are  suspended 
in  vertical  racks  which  are  driven  from  wheels  on  a  joint  axle 
d.  Uniform  tension  is  obtained  by  means  of  the  compensa- 
tion roller  f?,  which  can  be  lifted  above  the  surface  of  the  dye- 
liquor  in  order  to  facilitate  the  changing  of  pieces.  The  dye- 
beck  is  made  of  wrought  iron  and  suited  for  a  batch  of  860  mm. 
in  diameter.  Tension  is  put  on  the  cloth,  when  entering,  at  g, 
and  when  leaving  the  machine  it  has  to  pass  between  the 
squeezing  rollers  h,  the  upper  one  of  which  is  covered  with 
rubber. 

"  Smothering  "  op  the  Sulphur  Dyestuffs  after  Dyeing. 

Some  of  the  sulphur  dyestuffs  have  to  be  developed  after 
dyeing  by  allowing  the  dyed  material  to  lie  for  some  time  in  a 
warm,  moist  atmosphere.  This  process  is  termed  "  smothering." 
The  different  methods  of  smothering  will  be  discussed  under 
the  application  of  the  various  dyestuffs. 

Developing  of  the  Sulphur  Dyestuffs  by  Steaming. 

A  number  of  the  sulphur  dyestuffs,  especially  the  blues,  are 
developed  after  dyeing  by  steaming  without  pressure. 
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Fig.  64  illustrates  an  arrangement  which  may  be  used  for 
this  purpose.  It  consists  of  a  box  which  is  provided  with  a 
false  perforated  bottom,  covered  with  a  coarse  cotton  cloth, 
under  which  the  steam  pipe  enters.  This  should  be  carried 
round  the  inside  of  the  vessel,  and  the  holes  in  it  should  be 
placed  at  such  an  angle  as  to  direct  the  steam  against  the 
bottom  of  the  vessel.  By  means  of  an  injector  which  is  fitted  to 
the  steam  pipe,  a  mixture  of  steam  and  air  is  passed  into  the 
vessel.  The  material  is  usually  steamed  for  about  half  an  hour 
at  a  temperature  of  180°  to  200°  F.  The  yarn  or  the  pieces  are 
suspended  on  rods,  but  care  must  be  taken  that  the  material  does 


Fig.  64. — Aixangement  for  Developing  the 
Sulphur  DyestufPs  by  Steamiog. 

not  touch  the  bottom  of  the  vessel.  The  vessel  is  covered  with  a 
roof -shaped  lid,  lined  with  coarse  cotton  cloth. 

Cotton  yarn  may  be  steamed  in  apparatus  such  as  are  used 
for  dyeing  loose  cotton  or  cops. 

It  is  essential  that  the  material  should  contain  caustic  soda 
and  sodium  sulphide  when  placed  into  the  steaming  box.  If 
the  cotton  has  been  washed  before  steaming,  a  passage  through 
a  bath  containing  about  100  grains  of  caustic  soda  and  1  oz. 
of  sodium  sulphide  per  gallon  is  necessary. 


Topping  of  the  Sulphur  Dyestuffs  with  Basic  Dyestuffs. 

The  basic  dyestuffs  are  very  rapidly  taken  up  by  cotton  which 
has  been  dyed  with  the  sulphur  dyestuffs.  If  basic  dyestuffs 
are  used  in  small  quantities  for  the  purpose  of  shading,  they 
are  best  dyed  from  a  cold  soap  bath.     When  larger  quantities 
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are  used,  the  addition  of  acetic  acid  or  alum  to  the  dye-bath  is 
necessary. 

Topping  of  Indigo  with  the  Sulphur  Dybstuffs. 

Some  of  the  sulphur  dyestuffs,  especially  the  blues,  may  be 
used  as  a  "bottom"  for  indigo  blue.  On  account  of  their  superior 
fastness  they  are  to  be  preferred  to  the  ordinary  substantive 
cotton  dyestuflfs. 

After-treatments  of  the  Sulphur  Dyestuffs. 

The  fastness  of  a  number  of  the  sulphur  dyestuffs  may  be 
considerably  increased  by  an  after-treatment  with  metallic  salts, 
etc.  The  different  methods  will  be  fully  discussed  under  the 
various  dyestuflfs. 

Various  after-treatments  have  been  suggested,  in  order  to 
prevent  tendering  of  the  cotton  after  dyeing  with  the  sulphur 
dyestuffs.  The  best  results  hava  been  obtained  by  a  process 
suggested  by  G.  E.  Holden,^  which  consists  in  treating  the  dyed 
material  with  a  1  per  cent,  solution  of  tannic  acid  at  a  tem- 
perature of  40°  C,  squeezing  or  wringing,  and  then  passing 
through  lime-water,  and  finally  washing.  In  place  of  lime- 
water  any  suitable  salt  of  calcium,  barium,  or  strontium  may- 
be used.  It  should,  however,  be  stated  that  the  shades  are 
liable  to  be  altered  considerably. 

A  treatment  with  a  1  per  cent,  solution  of  soda  ash  will  be 
found  quite  safe  in  many  instances. 

SPECLVL  METHODS   OF  DYEING  THE   SULPHUR  DYESTUFFS. 

The  Kryogene  Dyestuffs  of  the  Badischb  Anilin  und 

Soda  Fabrik. 

Light  shades  should  be  dyed  for  1  hour  at  120°  F.  with  the 
addition  of  10  to  20  lbs.  of  common  salt  or  Glauber's  salt  per 
200  gallons  of  water,  whilst  dark  shades  and  blacks  require  50 
to  60  lbs.  of  common  salt  or  calcined  Glauber's  salt  per  200 
gallons  of  water.  After  dyeing,  squeeze  or  wring,  in  order  to 
save  the  dye-liquor. 

*  Joum.  Soc,  Dyers  and  ColourutSf  XXVI.,  p.  76,  1910. 
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The  dyestuflf  solution  for  dyeing  100  lbs.  of  cotton  is  prepared 
in  the  following  manner: — For  the  first  four  lots  of  material 
add  one  part  of  concentrated  sodium  sulphide,  or  two  parts  of 
sodium  sulphide  crystals  to  one  part  of  dyestuflf  and  dissolve  in 
boiling  water.  Half  this  quantity  of  sodium  sulphide  will  be 
suflScient  for  subsequent  lots.  5^  lbs.  of  soda  ash  should  be 
added  to  a  fresh  bath,  ^  to  2  lbs.  to  an  old  bath.  When  using 
the  concentrated  Kryogene  dyestuflfs,  twice  the  quantity  of 
sodium  sulphide  stated  above  should  be  added. 

In  order  to  prevent  uneven  dyeing,  the  quantity  of  sodium 
sulphide  may  be  increased,  or  2  to  5  lbs.  of  Turkey-red  oil  may 
be  added  to  the  dye-bath. 

Kryogene  Blue  B,  BX,  BN,  BNO,  Kryogene  Black  Blue  BGT, 
BGTO^  have  to  be  developed  by  steaming  or  by  smothering. 

Kryogene  Brown  A  may  be  dyed  without  the  addition  of 
either  sodium  sulphide  or  soda. 

Shades  dyed  with  3  per  cent,  of  Kryogene  Black  TB,  TG^  or 
with  5  per  cent,  of  Kryogene  Blue  B,  BN,  or  Kryogene  Black 
Blue  BGTy  rinsed  after  dyeing,  but  not  developed,  may  be  used 
as  a  bottom  for  dark  blues  dyed  in  the  indigo  vat. 

The  following  patented  method  of  dyeing  Kryogene  Black  in 
a  cold  fermentation  vat  is  also  of  interest.  The  vat  is  filled 
with  cold  water  (60  gallons)  and  then  set  with  8  lbs.  of 
wheaten,  or  potato  flour,  6  lbs.  bran,  2  lbs.  syrup  or  honey  (or 
4  lbs.  of  dates,  raisins,  grapes,  etc.),  and  5  lbs.  soda  crystals 
(or  2  lbs.  soda  ash  or  pearl  ash). 

For  dyeing  a  full  black,  5  to  7  lbs.  of  Kryogene  Black  TBO  or 
TGO,  and  for  a  bronzy  brownish-black  10  lbs.  of  Kryogene  Black 
TGO,  per  100  gallons  of  dye-liquor  should  be  added. 

The  following  additions  must  be  made  to  the  vat  from  time  to 
time :     8  lbs.  dyestuflfs,  J  lb.  flour,  J  lb.  bran,  and  J  lb.  syrup. 

After  from  3  to  4  days  the  vat  will  be  perfectly  clear,  of  a 
greenish  colour,  and  in  the  proper  condition  for  use.  Soda  ash 
must  be  added  as  required.  The  liquor  in  the  vat  should 
always  produce  a  red  colouration  on  phenolphthaleine  paper. 
The  dye-bath  must  be  used  as  "  short  *'  as  possible. 

The  Sulphur  Dybstuffs  of  the  Berlin  Aniline  Company. 

When  dyeing  cops  or  cheeses  in  special  dyeing  machines  the 
proportion  of  cotton  to  dye-liquor  should  be  from  1  :  5  to  1  :  10, 
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whilst  for  dyeing  loose  cotton  in  an  ordinary  dye-vessel,  or  for 
dyeing  yarn,  it  should  be  from  1  :  20  to  1  :  30. 

Sulphur  Blacks, — Make  the  dyestuff  into  a  paste  with  water 
and  caustic  soda  lye,  add  the  sodium  sulphide  and  boiling  water, 
stir  well,  and  boil  for  a  short  time. 

In  preparing  the  dye-bath,  add  first  the  soda  ash,  boil  for  a 
short  time,  then  add  the  dyestuff  solution  (6  to  12  per  cent., 
calculated  on  the  weight  of  cotton),  and  finally  the  Glauber's  salt 
and  the  caustic  soda  lye. 

Additions, — Sodium  sulphide  crystals : — When  dyeing  in  open 
vessels,  jiggers,  etc.,  4  times  the  weight  of  dyestuflf  used.  When 
dyeing  cops,  etc.,  in  machines,  2J  to  4  times  the  weight  of  dye- 
stuflf used.  Glauber's  salt,  or  common  salt : — For  a  concentrated 
bath,  20  to  50  lbs.  per  100  gallons  ;  for  a  more  dilute  bath,  5  lbs. 
per  100  gallons.  Soda  ash : — 5  lbs.  per  100  gallons.  Caustic 
soda  lye  (76°  Tw.) : — j^  the  quantity  of  dyestuff  used. 

When  dyeing  loose  cotton,  cops,  or  cheeses,  it  is  advisable  to 
add  IJ  giUs  of  Turkey-red  oil  per  100  gallons  of  dye-liquor. 

The  dye-bath  should  stand  at  9°  to  10°  Tw.,  at  60°  F.  It  is 
advisable  to  employ  closed  steam  pipes  in  place  of  live  steam 
for  heating  the  bath.  The  temperature  should  not  fall  below 
195°  F.,  and  it  is  best  to  allow  the  material  to  come  as  little  as 
possible  into  contact  with  the  air  during  dyeing.  The  cotton 
must  be  well  squeezed  or  wrung  and  thoroughly  rinsed  imme- 
diately after  dyeing.  Hard  water  should  be  boiled  with  soap 
and  the  lime  soap  formed  should  be  carefully  removed. 

When  dyeing  fuj'the''  quantities  of  material  in  a  standing 
bath  only  half  the  quaatity  of  sodium  sulphide,  and  |oz.  of 
soda,  per  gallon  of  water  added  to  the  dye-bath,  is  required. 
Glauber's  salt  or  common  salt  should  only  be  added  when  the 
specific  gravity  of  the  dye-bath  is  below  9°  to  10°  Tw.,  at  60°  F. 

The  following  methods  of  after-treatment  are  recommended 
for  the  Sidphur  Blacks  : 

The  material  is  treated   after   dyeing  for  about  J  hour: — 

(a)  with  2  to  3  lbs.  of  soap  per  100  gallons ;  temperature  200°  F. 

(b)  2  per  cent,  of  soap  and  1  per  cent,  of  olive  oil ;  temperature 
140°  F.  (c)  2  per  cent,  of  soap  and  3  per  cent,  of  Turkey-red 
oil ;  temperature  140°  F.  (d)  1  per  cent,  of  soda  ash  and  IJ 
per  cent,  of  olive  oil ;  temperature  140°  F.  (e)  1  per  cent,  of 
starch   and  1  per  cent,  of  pressed  lard  ;  temperature  120°  F. 
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(/)  3  per  cent,  of  potassium  bichromate  and  5  per  cent,  of 
caustic  soda  ;  temperature  160° P. 

Sulphur  Browns. — The  Sulphur  Browns  are  soluble  in  water 
and  can  be  dyed  without  the  usual  additions  to  the  dye-bath. 
It  is,  however,  better  to  add  5  per  cent,  of  soda  ash,  sodium 
sulphide  crystals,  an  equal  quantity  to  that  of  dyestuff  used,  and 
common  salt  or  Glauber's  salt,  10  to  30  lbs.  per  100  gallons  of 
dye-liquor. 

Darker  shades  are  obtained  when  the  dyed  material  is  exposed 
to  the  air  for  about  1  hour.  The  cotton  should  finally  be 
rinsed  in  warm  water  to  which  2  to  3  per  cent,  of  soda  ash 
has  been  added. 

The  fastness  to  washing  of  Sulphur  Catechu  and  Stdphur 
Connth  may  be  improved  by  an  after-treatment  for  |  hour  in 
a  cold  bath  containing  3  to  5  per  cent,  sulphate  of  zinc,  and 
3  to  5  per  cent,  acetate  of  soda. 

The  fastness  to  light  of  the  same  dyestuflfs  is  increased  by 
treating  them  for  J  hour  at  the  boil  with  1  to  2  per  cent,  of 
potassium  bichromate,  1  to  2  per  cent,  of  copper  sulphate,  and 
3  per  cent,  of  acetic  acid  (30  per  cent.). 

Sulphur  Blue  L  Extra. — The  dyestuff  is  dissolved  with  the 
addition  of  three  times  its  weight  of  sodium  sulphide  crystals 
(twice  its  weight  for  a  standing  bath),  and  10  per  cent,  of  caustic 
soda  (calculated  on  the  weight  of  the  dyestuff).  5  lbs.  of  soda 
ash  are  added  to  the  boiling  dye- bath  (100  gallons).  The 
dyestuff,  which  has  been  dissolved  previously,  and  afterwards 
5  to  30  lbs.  of  Glauber's  salt  or  common  salt,  are  added,  the 
bath  is  boiled  up  and  the  steam  turned  off.  The  temperature 
of  the  dye-bath  should  not  be  allowed  to  fall  below  180°  P.  during 
dyeing.  After  working  the  material  for  about  1  hour,  it  is 
squeezed  or  hydroextracted.  In  order  to  fully  develop  shades 
dyed  with  Sulphur  Blue  L  Extra,  oxidising  after  dyeing  is 
necessary. 

Sulphur  Indigo  Blue. — This  dyestuff  is  chiefly  used  for  dyeing 
cops  and  yarn  according  to  the  method  given  above  for  Sulphur 
Blue.  The  temperature  of  the  dye-bath  during  dyeing  should  be 
from  2(K)®  to  205°  P.  After  dyeing,  the  yarn  is  squeezed  and 
immediately  rinsed  2  or  3  times  in  cold  water. 

After-treatment : — The  dyed  hanks  are  turned  a  few  times 
in  a  boiling  bath  containing  5  per  cent,  of  acetic  acid  and  1  per 
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cent,  potassium  bichromate.  5  per  cent,  of  copper  sulphate  is 
now  added,  and  the  yarn  worked  for  J  hour.  Rinse  in  water, 
and  finally  in  water  with  the  addition  of  3  per  cent,  of  soda 
ash,  wring  or  hydroextract  and  dry. 

In  place  of  this  after-treatment,  Sulphur  Indigo  dyeings  may  be 
developed  by  steaming. 

Loose  cotton  dyed  with  this  dyestuff  does  not  require  to  be 
steamed.  It  is  sufficient  to  place  the  material  directly  from  the 
dye-bath  in  a  heap,  to  cover  it,  and  to  allow  it  to  lie  overnight ; 
or  it  may  be  placed  into  baskets  lined  with  waterproof  paper, 
overnight. 

The  Katioen  Dyestuffs  of  the  Bayer  Company. 

In  dissolving,  equal  parts  of  dyestujff  and  of  sodium  sulphide 
should  be  used.  According  to  the  hardness  of  the  water 
employed  in  dyeing  and  to  the  depth  of  shade  required,  add  2  to 
8  per  cent,  of  soda  ash  to  the  dye-bath,  boil  up,  skim  off,  if 
necessary,  add  the  dyestuff  solution,  boil  up,  and  finally  add  10  to 
60  per  cent,  of  Glauber's  salt  or  6  to  30  per  cent,  of  common 
salt. 

Katigen  Indigo  should  be  dyed  with  the  addition  of  an  amount 
of  glucose  equal  to  that  of  dyestuff  used.  For  the  dyeing  of 
subsequent  lots  of  material  the  quantities  of  dyestuff,  sodium 
sulphide, -and  glucose  may  be  reduced  by  40  per  cent. 

The  quantities  of  Glauber's  salt  and  soda  added  must  be  in 
'  proportion  to  the  amount  of  water  which  it  is  necessary  to  add 
in  order  to  replace  the  loss  of  liquor  caused  during  dyeing  and 
by  the  removal  of  the  material. 

The  correct  shades  of  Katigen  Chrome  Blue  5G  and  2Ii  and  of 
Katujen  Chrome  Bivwfi  60  are  obtained  by  treating  the  goods 
after  dyeing  foif  ^  hotir,  ttt  200°  F.,  in  a  bath  containing  2  to 
8  per  cent,  of  potassium  bichromate,  2  to  3  per  cent,  of  copper 
sulphate  and  3  to  5  per  cent,  of  acetic  acid. 

The  fastness  to  washing,'  boiling  and  to  light  of  the  other 
Katigen  dyestuffs  is  also  increased  by  thiS'  after-treatment. 

If  it  is  more  particularly  desired*  to  impi*ove  the  fastness  to 

light,  e,g.,  in   the  case  of  khAki   shades'  ofl' piecegoods,   it   is 

advisable  to  somewhat  deci'easeth^  armount  of  bitfhrome  and  to 

increase  tiie  amount  of  (iopplef  sUlphttte,  if  ta^es^i*^,  to  4  per 
cent.  '    '  '  '•  '  1  f  «'.  'v ■  t  •. p ii't >>•!'!' ;  .,!Mif(Ml 
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to  obtain  very  brilliant  shades  of  black,  the  goods  should  be  after- 
treated  for  J  hour,  at  100°  to  120°  F.,  with  2  per  cent,  bichrome, 
2  per  cent,  copper  sulphate,  4  per  cent,  acetic  acid,  and  finally 
rinsed  and  soaped. 

The  caseine  solution  is  prepared  in  the  following  manner  : — 
Stir  the  caseine  into  a  paste  wuth  a  small  quantity  of  water. 
According  to  the  concentration  of  the  solution  required,  add  1 
to  2  gallons  of  cold  water,  heat  to  160°  to  175°  F.,  and  then  add 
50  to  70  c.c.  of  ammonia.  Decomposition  of  the  solution  may  be 
prevented  by  the  addition  of  6  c.c.  of  formaldehyde  (40  per  cent.) 
for  every  pound  of  caseine  used. 

If  coloured  effects  are  required,  the  silk  is  afterwards  dyed 
with  acid  dyestuflfs,  or  is  dyed  previous  to  the  weaving  with 
dyestufifs  which  are  not  aflfected  by  the  process  of  mercerising,  by 
souring  and  by  dyeing  with  the  Katigen  dyestuffs. 

Dyeing  Cotton  Piecegoods  with  Worsted  Borders  or 

IVoven  Worsted  Effects. 

The  following  method  is  recommended  for  dyeing  Katigen 
Blanks  on  cotton  piecegoods,  leaving  the  woollen  selvedges  or 
effects  white.  For  five  pieces,  weight  80  lbs. : — The  cloth  is  scoured 
at  the  boil  before  dyeing  in  the  ordinary  manner  with  a  small 
quantity  of  soap,  given  three  ends  in  the  Jigger,  at  the  boil,  in 
a  solution  of  formaldehyde  (1  lb.  per  10  gallons  of  water)  and 
acetic  acid  (1  lb.  per  10  gallons  of  water),  and  finally  rinsed 
twice  in  cold  water.  The  dye-bath  is  prepared  with  12  lbs. 
Katigen  Black  TW  extra,  6  lbs.  concentrated  sodium  sulphide, 
12  lbs.  Katigen  Intensificr  (dissolved  separately  in  boiling  water), 
and  I  lb.  Monopole  soap  C. 

The  dyestuff  and  the  sodium  sulphide  are  dissolved  together, 
and  added  at  the  first  two  ends.  The  solution  of  the  Intensifier 
is  added  in  the  same  manner.  An  addition  of  5  lbs.  of 
Glauber's  salt  is  made  at  th«  third  and  fourth  end.  The  pieces 
are  given  four  ends  cold  ;  they  are  then  batched  and  passed 
through  the  water  mangle.  Care  should  be  taken  that  there 
are  no  marks  on  the  bowls  of  the  mangle.  The  cloth  is 
finally  thoroughly  washed  in  cold  water  and  dried.  Brighter 
blacks  are  obtained  by  using  10  lbs.  Katigen  Black  2B  extra  in 
place  of  the  TW  extra. 
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The  Immedial  Dybstuffs  of  Leopold  Cassblla  &  Company. 

Dissolving  of  the  Immedial  Dyestuffs, — Parts  of  sodium  sul- 
phide crystals  (or  half  the  quantity  of  sulphide  concentrated) 
which  are  required  for  dissolving  one  part  of  dyestuflf: — 
f  parts  for  Blacks ;  1  part  for  Blanks  cone,  and  for  Brilliant 
Blanks ;  1 J  to  2  parts  for  Carbons  and  BiiUiant  Carbons  ;  i  to 
1  part  for  Violet  and  Purple;  2  parts  for  Direct  Blues  cone, 
and  for  Indtmes ;  IJ  to  2  parts  for  Indogene  and  New  Bine  ; 
J  part  for  Sky  Bine  paste ;  1  part  for  all  the  other  Immedial 
dyestuffs. 

Additions  to  the  dye-bath ; — 

r  yl^Zl  S'Sli'i^^.        Second  Bath. 
Ll».  per  10  gallons  p^^  ^^^ 

Liquor. 

Soda  ash 4-6—8  0*2— 0*5 

Common  salt  or  desiccated  Glauber's 

salt 1 — 2  0-5 

Glucose  (for  Immedial  Indone) .         .  10 — 16  0*2 — 0*5 
Caustic    soda     lye    (77^^  Tw.),    (for 

Immedial  New  Blue)     ,         ,         ,  IJJ — 3  ozs.      O'l— 0*2 
Turkey-red   oil    (for   Immedial  Sky 

Blue) IJ  ozs.  0*5 


After-treatments, 

The  material,  having  been  well  rinsed  after  dyeing,  may  be 
after-treated  for  20  to  30  minutes  in  a  boiling  bath  containing 
3  per  cent,  of  potassium  bichromate  and  8  to  6  per  cent,  of 
acetic  acid  ;  or  2  to  3  per  cent,  of  potassium  bichromate,  1*5  to  2 
per  cent,  of  chrome  alum,  and  3  to  5  per  cent,  acetic  acid ;  or 
1*5  to  2  per  cent,  potassium  bichromate,  1'5  to  2  per  cent,  of  copper 
sulphate,  and  3  to  5  per  cent,  of  acetic  acid. 

Cotton  dyed  with  Immedial  Blacks,  which  is  used  for  warps 
in  union  goods,  should  be  after-treated  both  immediately  after 
dyeing  with  the  sulphur  dyestuff  and  after  the  wool  has  been 
dyed  with  acid  dyestuffs,  in  a  hot  bath  containing  4^  to  8  ozs.  of 
acetate  of  soda,  or  8  to  4  ozs.  of  formate  of  soda  per  10  gallons 
of  liquor.  These  ingredients  may  either  be  added  to  the  last 
rinsing  bath,  or,  if  the  goods  are  sized  or  finished,  they  may 
be  added  to  the  size  or  the  finishing  paste. 
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Developing  of  Immedial  Blue  with  Sodium  Peroxide  or 

Hydrogen  Peroxide. 

In  place  of  developing  by  steaming,  Immedial  Blue  may  be 
developed  by  means  of  an  after-treatment  with  either  sodium 
or  hydrogen  peroxide.  Steaming  is,  however,  less  expensive. 
For  heavy  shades  the  developing  bath  should  contain  IJ  per 
cent,  sodium  peroxide,  and  1^  per  cent,  sulphuric  acid,  168°  Tw. 
A  wooden  dye-beck  is  best  suited  for  this  treatment.  Add  the 
acid  first,  enter  the  cotton  into  the  cold  bath,  work  for  a  short 
time,  lift  out,  add  the  sodium  peroxide  previously  dissolved  in 
cold  water,  enter  the  cotton,  work  for  about  15  minutes,  then 
heat  to  140°  F.,  during  20  minutes.  The  cotton  is  finally 
rinsed  and  treated  in  a  hot  soap  bath.  The  developing  bath 
should  react  slightly  alkaline.  If  hydrogen  peroxide  is  employed, 
20  to  25  per  cent,  with  the  addition  of  2  to  2^^^  per  cent,  of 
ammonia  should  be  used. 

Developing  of  Immedial  Indone,  Immedial  Indogene  and 
Immedial  Direct  BluCf  mith  Immedial  Developer. 

Immedial  Developer  may  ba  used  in  place  of  sodium  or 
hydrogen  peroxide.  It  is  non-explosive  and  exceedingly  stable. 
A  small  quantity  of  the  developer  may  be  added  to  the  last 
rinsing  bath ;  the  colours  are  thereby  brightened  and  oxidised 
more  rapidly.  This  is  of  special  advantage  in  dyeing  cops  and 
cheeses,  etc.,  in  machines. 

The  cotton  is  dyed  in  the  usual  manner  and  rinsed.  To 
the  last  rinsing  bath,  which  is  heated  to  106°  to  120°  F.,  0'2  to  0*5 
per  cent,  (calculated  on  the  weight  of  cotton)  of  Immedial 
Developer,  previously  dissolved  in  water  at  105°  to  120°  F.,  is 
added,  the  cotton  worked  in  the  bath  for  about  20  minutes, 
hydroextracted  and  dried. 

Developing  of  Immedial  Blue  and  New  Blue,  with  Immedial 

Developer, 

Developing  of  these  dyestuflfs  by  smothering  or  steaming  is 
certainly  the  cheapest  method,  but  in  some  instances  Immedial 
Developer  may  be  used  to  advantage.  The  cotton  is  rinsed 
immediately  after  dyeing.     The  last  rinsing  bath  is  heated  to 
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105°  to  120°  F. ;  1  to  1 J  per  cent,  of  the  developer,  previously  dis- 
solved ill  warm  water,  is  added,  the  goods  are  entered,  and  the 
temperature  of  the  bath  is  gradually  raised  to  boiling  point. 
Altogether,  the  cotton  is  treated  in  the  bath  for  about  J  hour. 
It  is  finally  rinsed. 

Indo  Carbon  S  and  SF  Pat 

The  Indo  Carbons  are  sulphur  dyestuffs,  but  they  are  also 
suitable  for  dyeing  in  the  hydrosulphite  vat.  They  are  not 
affected  by  acid  cross-dyeing  or  by  hot  stoving,  and  an  after- 
treatment  with  acetate  of  soda  or  with  acetic  or  formic  acid  is, 
therefore,  not  required  when  cotton  warps  dyed  with  these 
dyestuffs  are  used  in  union  goods,  in  which  the  wool  has  to  be 
dyed  with  the  addition  of  sulphuric  acid  or  bisulphate  of  soda. 

The  goods  are  dyed  for  about  1  hour  near  boiling  tempera- 
ture in  a  bath  containing : — 

Startiug  Standing 

bath.  bath. 

Dyestuff              .        .    8-14  %  (  calculated  on  the  weight    5-9    7^  )  calculated 

Sodium  sulphide  cryst.  16-28  %  J  of  the  goods.             10-18  °/o  (       on  the 

Soda  ash      .        .        .    4-8  ozs.^  0*2 -0-5  °/o  V      weight 

Desiccated  Glauber's        1-3  lbs.  V  per  10  gallons  liquor.        0-5  °/q  I       of  the 

salt  or  common  salt                   J  ]       goods. 

Deeper  shades  are  obtained  by  after-treating  the  dyed 
material  with  3  to  4  per  cent,  of  bichrome  in  the  usual 
manner. 

Dyeing  of  Loose  Cotton. 

Loose  cotton  dyed  with  Iviviedial  Blue  or  New  Blue  is  hydro- 
extracted  immediately  after  dyeing  and  placed  into  baskets,  in 
which  it  is  allowed  to  smother  for  some  hours. 

Dyeing  of  Cotton  Yam. 

Cotton  yarn  is  best  dyed  at  the  boil  for  |  to  1  hour  in 
ordinary  dye-becks  made  of  wood  or  iron.  Bent  sticks  should 
be  used. 

Immedial  Indone  has  to  be  dyed  at  a  somewhat  lower  tem- 
perature. The  yarn  should  be  squeezed,  wrung,  and  exposed  to 
the  air  for  J  to  1  hour  after  dyeing  and  before  it  is  rinsed. 

Immedial    Blue    and    New    Blue    should    be    developed    by 
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steaming  or  smothering   after  the  yarn  has  been  freed  Irom 
excess  of  liquor  by  squeezing. 

For  the  purpose  of  developing  by  smothering,  the  squeezed 
hanks,  whilst  still  hot,  are  placed  into  baskets  lined  with  water- 
proof paper,  or  into  well  covered  boxes,  in  which  they  are  left 
for  some  hours  in  a  heated  room. 

Dyeing  of  Cops  and  Cheeses  in  Special  Machines. 

Machines  in  which  the  dye-liquor  is  forced  through  the  cops 
by  means  of  pressure  are  not  to  be  recommended.  The  liquor 
ought  to  be  sucked  through  the  material,  and  provision  ought  to 
be  made  for  removing  the  excess  of  liquor  by  means  of  suction 
when  the  dyeing  has  been  completed  and  before  the  material 
is  rinsed. 

Cops  or  cheeses  which  have  been  dyed  in  machines  belong- 
ing to  the  "  packing  system  "  (solid  skewer  system)  should  be 
hydroextracted  after  dyeing. 

The  Blues  have  to  be  developed  either  by  smothering  or 
by  steaming  with  a  mixture  of  steam  and  air.  The  latter 
operation  may  be  carried  out  in  the  cop-dyeing  machine. 

Dyeing  of  Cotton  Piecegoods. 

A  few  examples  of  dyeing  Immedial  dyestuflfs  in  the  jigger, 
which  have  been  taken  from  practice,  are  illustrated  in  the 
table  on  p.  250. 

Dyeing  of  Imviedial  Dyestuffs  in  Co7itinuous  Dyeing  Machines. 

When  dyeing  large  quantities  of  cloth  with  sulphur  dyestuflfs, 
especially  blacks,  a  Continuous  Dyeing  Machine  may  be  used 
with  advantage.  The  machine,  which  is  illustrated  in  Fig.  65, 
consists  of  a  large  square  box,  divided  into  two  compartments 
by  means  of  a  perforated  wooden  partition.  The  cloth  is  passed 
through  the  two  boxes  in  the  open  width ;  it  is  guided  by 
rollers  which  are  carried  by  an  iron  framework  which  may  be 
lifted  out  of  the  machine.  A  similar  arrangement  is  described 
for  dyeing  cotton  warps  in  the  indigo  vat.  From  the  dye-becks 
the  cloth  passes  immediately  into  two  or  three  compart- 
ments in  which  it  is  thoroughly  rinsed.     In  passing  from  one 
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GOmpartmenI)  into  the  next,  the  cloLh  is  squeezed  b;  metitiB  of 
heavy  squeezing  rollers.  The  goods  are  finally  washed  in  an 
open-width  washing  machine  or  in  an  open  aoaper  provided 
with  beaters.  (The  illustration  has  been  taken  from  Die 
Banmwollfarhern,  L.  Gassella  &  Co.) 

Before  drying,  the  goods  may  be  treated  with  a  solution  of 
acetate  or  formate  of  soda  (4  lo  8  oza.  per  10  gallons  of  water), 
or  they  may  be  chromed  and  coppered.  The  methods  have 
already  been  described. 

Immedial  Bines  and  Immedial  New  Blue  have  to  be  developed 
by  steaming  or  smothering.  Any  ordinary  type  of  steaming 
plant  or  steam-chest  may  be  used  for  this  purpose,  but  it  is 


Fig.  85. — ContiiiHOUB  Dyeing  Machine  for  Dyeing  with  the 
Sulphur  Dyestuffs. 

essential  to  inject  air  along  with  the  steam.  The  goods  should 
be  steamed  for  from  20  to  80  minutes. 

For  the  purpose  of  smothering,  the  pieces  are  squeezed  after 
dyeing,  exposed  to  the  air  for  a  short  time,  and  batched.  The 
batches  of  cloth  are  then  wrapped  into  a  moist  cotton  cloth,  or 
covered  with  waterproof  paper.  They  are  then  placed,  tor  some 
hours,  or  preferably  overnight,  into  a  room  which  is  heated  to  a 
temi>erature  of  about  140°  F.  The  operation  is  finished  by 
rinsing  the  goods  in  hot  water. 

For  djeing  Iimni'dial  Black  NNG  cone,  the  following  propor- 
tions should  be  used  :— Under  I.  the  additions  per  10  gallons  of 
liquor  are  given,  whilst  under  II.  are  given  the  percentages 
(calculated    on    the   weight   of    material   passing   through   the 
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machine)    of  the  ingredients  which  have  to  be  added  during 
the  passage  of  the  pieces  through  the  machine. 

I.  II. 

DyestuflF 2— 2  J  lbs.  5-5— 6*5  7 

Sodium  sulphide  crystals.         .         .     2 — 2|  lbs.  5*5 — 6*5  °/ 
Turkey -red  oil          ....  1^ — 3    ozs.  0-5  °/ 

Soda  ash 4J — 8    ozs.  0*6  7o 

Common  salt  or  desiccated  Glauber's 

salt 2  — 2i  lbs.  1—2  7^ 

The  concentration  of  the  dye-bath  has  tiO  be  kept  uniform 
during  dyeing. 

Di/cing  of  Sulphur  Dyestuffs  in  the  Padding  Machine. 

Sulphur  dyestuffs  may  also  be  conveniently  dyed  by  padding. 
The  following  quantities  of  dyestuff,  etc.,  should  be  used  per 
10  gallons  of  padding  liquor :  3  to  10  ozs.  for  light  shades ;  1 
to  8  lbs.  for  medium  shades ;  3  to  6  lbs.  for  heavy  shades ;  8 
to  10  lbs.  of  Immedial  Black  conCy  for  blacks. 

Sodium  sulphide  crystals,  twice  the  quantity  of  that  of 
dyestuff  used.  8  ozs.  Turkey-red  oil,  8  ozs.  of  dextrine,  and 
8  ozs.  Glauber's  salt,  should  be  used  in  addition  when  dyeing 
blacks. 

The  Turkey-red  oil  must  be  added  last.  A  single  passage  of 
the  pieces  through  the  padding  machine  will  be  sufficient  for 
mercerised  goods  and  for  light  shades,  whilst  two  passages  have 
to  be  given  for  heavy  shades  and  for  blacks.  The  goods  are 
thoroughly  rinsed  after  dyeing,  and  finished  in  the  manner 
already  described. 

A  special  method  for  dyeing  large  quantities  of  cotton  piece- 
goods  with  Immedial  Blackg  and  Blues  which  is  practised  in 
some  countries,  consists  in  spraying  a  concentrated,  hot  dye- 
stuff  solution  on  the  cloth.  For  this  purpose  a  padding  machine 
is  used  and  the  goods  may  or  may  not  be  given  a  passage,  before 
the  spraying,  through  a  shallow  box  containing  dyestuff  solution. 
After  spraying,  the  cloth  is  passed  through  squeezing  rollers ; 
it  is  then  slightly  rinsed  and  immediately  dried.  Shades  pro- 
duced by  this  method  of  dyeing  are,  however,  not  very  fast  to 
washing. 
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The  Pyrogenb  Dyestuffs  of  the  Society  of  Chemical 

Industry,  Basle. 

The  Pyrogene  dyestuffs  are  dissolved  in  the  usual  manner 
with  the  addition  of  sodium  sulphide.  The  dye-bath  for  100  lbs. 
of  cotton  is  made  up  as  follows :  160  to  21)0  gallons  of  water ; 
5  to  10  lbs.  of  dyestuff ;  7J  to  10  lbs.  (f  oz.  per  gallon)  of 
sodium  sulphide  crystals  ;  7J  to  10  lbs.  (|  oz.  per  gallon)  of  soda  ; 
15  to  ()0  lbs.  (IJ  to  5  ozs.  per  gallon)  of  common  salt.  Dye  at 
a  temperature  of  158°  to  194°  P.  Glauber's  salt  should  be  used 
in  place  of  common  salt  in  cop-dyeing.  The  specific  gravity 
of  the  cold  dye-liquor  should  be  7°  to  10°  Tw.,for  blacks,  and 
6°  to  6°  Tw.,  for  blues. 

An  after-treatment  with  metallic  salts,  for  |  hour,  at  140°  to 
160°  P.,  is  recommended  for  Pyrogene  Black  G,  ON  and  B.  The 
following  quantities,  calculated  on  the  weight  of  cotton,  should 
be  used :  3  per  cent,  of  potassium  bichromate  and  8  per  cent, 
of  acetic  acid  (12°  Tw.),  for  reddish  blacks ;  3  per  cent,  of  copper 
sulphate  and  3  per  cent,  of  acetic  acid  (12°  Tw.),  for  blueish 
blacks ;  3  per  cent,  of  chrome  alum  and  3  per  cent,  of  acetic 
acid  (12°  Tw.),  for  greenish  blacks  (Aniline  black  shade). 

The  following  proportions  may  also  be  used :  1\  per  cent, 
of  potassium  bichromate,  l\  per  cent,  of  copper  sulphate,  and 
8  per  cent,  of  acetic  acid  (12°  Tw.) ;  or  \\  per  cent,  of  potassium 
bichromate,  1^  per  cent,  of  chrome  alum,  and  3  per  cent,  of 
acetic  acid  (12°  Tw.). 

The  shade  of  goods  which  have  been  after-treated  with  metallic 
salts  in  the  manner  described  may  be  still  further  improved  by 
treating  them  for  about  \  hour,  at  168°  to  176°  P.,  in  a  bath 
containing  1^  to  3  per  cent,  of  potato  starch,  and  1  to  2  per 
cent,  of  tallow,  lard,  or  cocoa-nut  oil.  In  some  instances  the 
process  may  be  simplified  by  adding  the  above  ingredients  to 
the  bath  in  which  the  goods  are  after-treated  with  metallic 
salts. 

The  treatment  with  starch  and  tallow  may  be  replaced  by 
soaping  at  140°  P.,  with  the  addition  of  a  small  quantity  of 
soda  ash. 

Dyeing  of  Cotton  Waiys. 

Cotton  warps  are  given  two  to  four  passages  at  the  boil, 
through  a  bath  containing  per  10  gallons  :  2  to  2J  lbs.  Pyrogene 
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Black,  f  lb.  sodium  sulphide,  i  to  ^  lb.  soda  ash,  2^  to  3^  lbs. 
common  salt. 

Dyeing  of  Cotton  Piecegoodsi, 

Piecegoods  are  dyed  in  a  jigger  provided  with  squeezing 
rollers  by  giving  6  to  8  ends  just  below  the  boil.  A  second 
jigger  should  be  provided  for  rinsing  and  for  the  after-treatment, 
if  required. 

For  100  lbs.  of  cloth:  80  gallons  of  water,  13  to  17  lbs.  of 
dyestuff,  2|  to  3  lbs.  of  sodium  sulphide  crystals,  f  lb.  soda  ash, 
4^  lbs.  dextrine,  9  to  18^  lbs.  of  common  salt. 

Dyeing  of  I  iecegoods  in  the  Continuous  Open-Width  Dyeing 

Machine. 

The  goods  are  dyed  in  from  3  to  5  minutes  just  below  the 
boil.  The  first  bath  is  prepared  as  follows :  2  to  2  J  lbs.  Pyrogene 
Black,  I  to  1  lb.  sodium  sulphide,  J  to  1^  lbs.  soda  ash,  and 
^  to  ^^  lbs  of  common  salt. 

The  following  additions  (calculated  on  the  weight  of  material) 
have  to  be  made  during  dyeing :  8  to  11  per  cent,  of  Pyrogene 
Black,  2|  to  4  per  cent,  of  sodium  sulphide  crystals,  1  to  2  per 
cent,  of  soda  ash,  1  to  2^  per  cent,  of  common  salt. 

Dyeing  in  the  Padding  Machine. 

An  ordinary  padding  machine  provided  with  a  pair  of  squeezing 
rollers,  a  large  trough  of  20  to  30  gallons  capacity,  the  necessary 
guide  rollers  and  a  closed  iron  steam-coil,  may  be  used  for 
this  purpose. 

The  goods  are  given  two  to  four  ends.  The  temperature  of 
the  padding  liquor  should  be  176°  to  194°  F.  The  end  of  the 
pieces  which  passes  last  during  the  first  passage,  should  enter 
first  ttt  the  second  passage. 

Additions  per  100  gallons  of  padding  liquor:  2  to  8  lbs.  of 
Pyrogene  Black,  |  lb.  of  sodium  sulphide  crystals,  ^  lb.  Turkey- 
red  oil,  IJ  to  2  lbs.  common  salt,  and  1  to  IJ  lbs.  of  dextrine. 

Additions  to  be  made  during  padding  (calculated  on  the 
weight  of  cloth) :  8  to  11  per  cent,  of  Pyrogene  Black,  2  to  3J 
per  cent,  of  sodium  sulphide  crystals,  J  to  1  per  cent,  of  Turkey- 
red  oil,  1  to  3  per  cent,  of  common  salt,  and  2  per  cent,  of 
dextrine. 
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Dyeing  of  Cotton  Yaim  ivith  the  Thiojyhenol  Blacks, 

Cotton  yarn  is  dyed  for  1  to  li  hours  at  158°  to  194°  F.  The 
specific  gravity  of  the  cold  dye-bath  should  be  10°  to  12°  Tw. 

For  100  lbs.  of  cotton  yarn :  160  to  200  gallons  of  water, 
10  lbs.  of  dyestuff,  25  lbs.  of  sodium  sulphide  crystals,  8  to 
10  lbs.  of  soda  ash,  48  to  60  lbs.  of  common  salt,  or  80  to  100  lbs. 
of  calcined  Glauber's  salt.  An  addition  of  2  per  cent,  of  oil  or  lard 
and  i  per  cent,  of  soap  to  the  last  wash  water  improves  the 
shade. 

Washing  for  j  hour  in  the  following  bath  is  also  recom- 
mended : — For  100  lbs.  of  cotton  yarn :  180  to  200  gallons  of 
water,  1  lb.  of  cotton-seed  or  cocoa-nut  oil,  1^  to  2  lbs.  of  soap,  ^  lb. 
of  starch ;  wring  or  squeeze  and  dry.  For  cotton  warps  j^  lb.  of 
glue  should  be  added. 

Pyrogene  Blms, 

Shades  dyed  with  the  Pyrogene  Blues  have  to  be  developed  by 
steaming,  by  smothering,  or  by  a  passage  through  a  solution  of 
sodium  hypochlorite. 

In  order  to  develop  the  blues  in  sodium  hypochlorite  the  goods 
are  treated  for  ^  to  f  hour  in  a  bath  containing  per  10  gallons :  1^ 
to  2  pints  sodium  hypochlorite,  and  1  to  1^  pints  of  caustic  soda 
lye,  76°  Tw.  1\  to  2  pints  of  bleaching  powder  solution,  12°  Tw. 
may  be  used  in  plstce  of  the  sodium  hypochlorite. 

After  this  treatment  the  goods  should  be  thoroughly  rinsed 
and  finally  soaped  or  passed  through  a  weak  soda  solution. 

Preparation  of  100  gallons  of  sodium  hypochlorite  solution  : 

A. — 65  lbs.  bleaching  powder  (3B  per  cent.),  25  gallons  water. 

B. — 18  lbs.  soda  ash  dissolved  in  10  gallons  hot  water  and 
mixed  with  10  gallons  cold  water.  Mix  A  and  /?,  stir 
and  allow  to  settle,  decant  and  wash  the  precipitate 
twice. 

A  special  method  has  been  patented  by  the  Society  of  Chemical 
Industry  in  Basle,  in  which  oil  of  turpentine  is  employed.  The 
goods  are  dyed  for  one  hour  at  158°  to  194°  F.,  wrung  or 
squeezed  and  immediately  developed. 

For  100  lbs.  of  cotton  :  150  to  200  galls,  of  water,  4  to  15  lbs. 
of  dyestuff,  6  to  10  lbs.  of  sodium  sulphide  crystals,  2^  to  4  pints 
of  caustic  soda  lye  (76°  Tw.),  ^  to  1  pint  oil  of  turpentine,  3  to 
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7i  lbs.  soda  ash,  and  7  to  20  lbs.  common  salt.  An  Aniline 
black  ager  may  be  used  for  developing,  or  the  goods  may  be 
placed  in  a  heap,  covered,  and  allowed  to  lie  in  a  warm  room 
overnight. 

Piecegoods  may  be  passed  a  few  times  through  the  Mather- 
Platt,  or  they  may  be  steamed  in  the  presence  of  air  in  an 
ordinary  steam-chest.  If  the  developing  is  carried  out  in  a 
wooden  box  into  which  a  mixture  of  steam  and  air  is  forced, 
the  oil  of  turpentine  may  be  omitted  from  the  dye-bath.  In  this 
case  the  end  of  the  pipe  through  which  the  air  is  injected  should 
be  funnel-shaped.  Cotton-wool,  impregnated  with  oil  of  turpen- 
tine, is  held  in  position  by  means  of  a  wire-gauze  in  the  narrow 
part  of  the  funnel.  The  air  passing  through  the  cotton- wool 
carries  a  certain  amount  of  turpentine  vapour  into  the  box. 

After  developing,  the  goods  are  rinsed  in  hot  water,  either  with 
or  without  the  addition  of  soda,  finally  rinsed  in  cold  water  and 
dried. 

Dyeing  of  Cotton  Warps, 

Cotton  warps  are  given  two  to  four  ends  and  the  shade  is 
developed  as  described  above. 

Additions  per  10  gallons  of  liquor :  f  to  1^  lbs.  of  Pyrogene 
Blue  i2,  ^  to  1  lb.  of  sodium  sulphide  crystals,  2  to  4  ozs.  soda  ash, 
^  to  1^  lbs.  of  common  salt.  If  the  shade  is  developed  by 
smothering,  add  J  to  J  pint  of  caustic  soda  lye,  76°  Tw.,  and 
up  to  1  oz.  of  oil  of  turpentine. 

Dyeing  of  Cops  and  Cheeses, 

When  dyeing  cops  or  cheeses  in  special  machines  J  to  J  pint 
of  Turkey-red  oil  per  10  gallons  of  liquor  should  be  added. 

Dyeing  of  Piecegoods  in  the  Jigger. 

Additions  per  10  gallons  of  liquor :  J  to  1  lb.  of  sodium  sulphide 
crystals,  i  to  J  pint  of  caustic  soda  lye^  (76°  Tw.),  0  to  jVP^i^^  ^* 
oil  of  turpentine,  i  to  f  lb.  of  soda  ash,  ^  to  1|  lbs.  of  common 
salt,  and  the  necessary  quantity  of  dyestuff. 

Dyeing  in  the  Padding  Machine, 

Additions  per  10  gallons  of  liquor :  J  to  1^  lbs.  Pyrogene  Blue^ 
^  to  1  lb.  sodium  sulphide  crystals,  i  to  ^  lb.  soda  ash,  ^  to  1^  lbs. 
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common  salt,  J  to  f  pints  caustic  soda  lye,  76^  Tw.,  0  to  -jV  pint 
oil  of  turpentine. 

The  other  Pyrogene  dyestuflfs  are  applied  according  to  the 
instructions  given  for  blacks. 

Pyrofjenc  Olive  N  and  Pyrogene  Yellow  M  may  be  diazotised 
after  dyeing,  and  developed  with  beta-naphthol. 

The  former  gives  a  reddish-brown  shade,  the  latter  a  Bordeaux. 

The  greenish-yellow  shades  produced  by  dyeing  with  Pyrogene 
Yellow  M  may  be  converted  into  useful  orange-yellows  by  an 
after-treatment  in  a  solution  of  bleaching  powder  (1°  to  3°  Tw.). 


The  Sulphurol  Dybstupps  of  Wublfing,  Dahl  &  Co. 

The  Sulphurol  dyestuffs  are  dyed  near  the  boil  for  1  to  IJ 
hours.  The  material  is  squeezed  after  dyeing,  rinsed  once  in 
lukewarm,  and  twice  in  cold  water.  The  following  proportions 
should  be  used  for  dyeing  heavy  shades  : — 


Storting  bath. 
Per  cent. 

Standing  bath. 
Per  cent. 

Dyestuflf 

Sodium  sulphide  crystals     . 
Soda  ash 

10     15 

10     15 

5 

6|     9 

6i— 9 

2 

Common  salt,  or  Glauber's  salt    . 

80-50 

4      6 

Sulphurol  Indufo  B  and  R  cone. — One  part  of  dyestuflf  is  dis- 
solved in  15  parts  of  water  with  the  addition  of  1^  parts  of  sodium 
sulphide  crystals  and  1  part  of  glucose.  Heat  the  dye-bath  to 
about  158^  F.,  add  5  per  cent,  of  soda  ash,  and  finally  add  the  dye- 
stuff  solution.  Dye  for  about  1  hour  at  140^  F.,  squeeze  and 
wash  immediately. 


The  Eclipse  Dybstuffs  of  Aniline  Colour  and  Extract 

Works,  formerly  John  R.  Geigy. 

The  EelipHe  dyestuffn  are  dissolved  in  the  following  manner  : 
2J  gallons  of  water  are  necessary  to  dissolve  1  lb.  of  dyestuflf. 
Twice  this  quantity  of  water  is  necessary  for  dissolving  Eclipse 
Greeny  Fast  Green,  Blue,  and  Dark  Blue. 

B.D.  s 
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The  following  quantities  of  sodium  sulphide  crystals  and  of 
soda  ash  are  required  for  dissolving  1  lb.  of  dyestuff :  — 

Sodium  Kulphide       Soda  asli. 
crystals. 
Lbs.  Lbs. 

Yellow  3  G,  G,  and  R  cone. ;  Phosphine  GG 

cone.   ........      4  1 

Yellow G,R,  3G;  Phosphine  GG;  Fast  Brown 
RR.,  RV,  B,  V ;  Fast  Red  Brown  cone. ;  Fast 
Dark  Brown  cone. ;  Fast  Bronze  cone. ;  Fast 
Olive  cone. ;  Violet  R  cone.  ...       8  1 

Fast  Phosphine  RR  cone. ;  Fast  Brown  3G,  G ; 
Brown  V  ;  Red  Brown  cone. ;  Blue  B  cone. ; 
Fast  Dark  Blue ;   Violet  R  extra ;  Black  H      2  1 

Fast  Green  G  cone,  3G  cone.  •        .        .        .      2  2 

Blue  B ;  Green  G 1  1 

Phosphine  RR  cone,  R  extra  cone. ;  Olive ; 
Bronze;  Brown  B,  G,  G  extra,  3G,  RV 
extra,  RR  extra,  R ;  Dark  Brown  B.    .        .       |  J 

The  material  is  dyed  at  the  boil  for  1  hour,  with  the  addition 
of  10  to  60  per  cent,  of  Glauber's  salt. 

Eclipse  Blue  B  and  R  cone,  and  Eclijyse  Fast  Dark  Blue  give 
the  best  results  when  dyed  from  a  cold  bath. 

The  Eclipse  Fast  Colours  are  free  from  sodium  sulphide,  and 
they  are,  therefore,  not  hygroscopic. 

The  Eclipse  dyestuflfs  may  be  after-treated  for  J  hour,  at  158° 
to  195°  F.  with  either  1  to  1 J  per  cent,  of  bichrome,  1  to  1^  per 
cent,  of  copper  sulphate,  and  2  per  cent,  of  acetic  acid  ;  or  with 
1  to  2  per  cent,  of  bichrome,  and  1  per  cent,  of  sulphuric  acid. 
1  oz.  of  soda  or  of  sodium  acetate  should  be  added  per  gallon  of 
water  used  as  the  last  rinsing  bath. 

The  Ckoss-Dye  Dyestuffs  of  Read  Holliday  &  Sons. 

In  dyeing  with  the  Cross-Di/e  dyestufs  care  must  be  taken  to 
use  the  proper  amount  of  sodium  sulphide.  If  too  large  a  pro- 
portion is  used  the  dyestuff  will  not  dye  to  the  proper  depth  of 
shade,  whilst  if  too  little  sulphide  is  employed  the  dyestuflfs  will 
become  precipitated  in  the  bath  and  the  dyed  material  will  be 
liable  to  rub. 

The  dye-bath  should  not  register  more  than  8°  to  12°  Tw.   In  a 
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fresh  bath  the  proportion  of  dyestaff  to  salt  shoald  be  1  :  10, 
whilst  in  a  standing  bath  20  to  25  per  cent,  of  salt  will  be 
sufficient.  Eqaal  quantities  of  dyestuff  and  of  sodium  sulphide 
should  be  used. 

Dyeing  of  Loose  Cotton, 


Cro88-Dye  Black  BX,  RX 
Sodium  sulphide  cone. 
Soda  ash     . 
Salt    .... 


First  bath. 
Per  c«nt. 

Standing  bath. 
Per  cent. 

15 

10 

15     80 

10 

5 

2 

75 

25 

Di/eing  of  Cotton  Wai'ps. 

Cotton  warps  should  be  boiled  out  before  dyeing  in  a  four-box 
boiling  machine,  the  first  box  containing  cold  caustic  soda  lye, 
10°  to  16°  Tw.,  the  second  and  third  box  boiling  water,  the  fourth 
a  continuous  supply  of  cold  water. 

For  dyeing,  the  boxes  are  charged  with  :  2  lbs.  Cross-Dye 
Black,  2  lbs.  sodium  sulphide  cone,  ^  lb.  soda  ash,  1^  lbs.  common 
salt,  per  10  gallons  of  liquor. 

Subsequent  dyeings  require  :  6  per  cent,  dyestuff,  6  per  cent, 
sodium  sulphide  cone,  i  per  cent,  soda  ash,  2  per  cent,  common 
salt,  calculated  on  the  weight  of  the  warps. 

It  is  recommended  to  use  long  machines,  consisting  of  twelve 
boxes,  the  first  four  of  which  contain  the  dyestuff  solution,  the 
fifth  and  the  sixth  running  water,  the  seventh  and  the  eighth 
bichrome  (if  necessary),  the  ninth  and  tenth  running  water,  and 
the  twelfth  box  dilute  soda  or  ammonia. 

The  boxes  are  charged  as  given  above  and  a  thread  or  a  hank 
is  run  through  the  machine  in  order  to  ascertain  as  to  whether 
the  shade  will  be  the  required  strength. 

A  stock-liquor,  prepared  by  dissolving  100  lbs.  dyestuff,  100  lbs. 
sodium  sulphide,  60  lbs.  common  salt,  25  lbs.  soda  ash,  in 
100  gallons  of  water,  is  kept  in  an  overhead  tank,  from  which 
the  boxes  are  fed  during  dyeing.  The  warps  should  be  in  con- 
tact with  the  dye-liquor  for  3  to  8^  minutes.  The  top  rollers  in 
the  boxes  should  be  fixed  below  the  level  of  the  liquor  in  order 
to  avoid  "  bronzing.*' 

s2 
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Dyeing  of  Cotton  Piecegoods, 

When  dyeing  cotton  piecegoods  the  bath  shoald  be  charged 
with  2  lbs.  dyestuff,  2  lbs.  sodium  sulphide  cone,  and  \  lb.  soda 
ash,  per  10  gallons  of  liquor. 

For  subsequent  lots  use :  6  to  8  per  cent,  dyestuff,  6  to  8  per 
cent,  sodium  sulphide  cone,  and  2  per  cent  soda  ash,  calculated 
on  the  weight  of  the  pieces. 

The  addition  of  salt  is  not  advisable,  because  it  reddens  the 
shade  of  black ;  but  when  dyeing  the  other  dyestuffs  2  lbs.  of 
common  salt  may  be  added. 

The  Blues  should  be  given  an  air  passage  after  squeezing  and 
before  rinsing. 

The  Gross-Dye  dyestuffs  may  be  after-treated  for  ^  hour  at 
140°  F.  with  3  to  5  per  cent,  bichrome,  and  8  to  6  per  cent,  sul- 
phuric acid  (D.O.V.),  or  acetic  acid.  The  cotton  should  then  be 
well  washed  and  1  lb.  of  soda  added  to  the  last  wash-water. 

Dyed  yarn  may  be  softened  with  Turkey -red  oil  or  with  olive 
oil  and  ammonia,  or  with  the  following  preparation :  100  lbs. 
palm-oil  are  melted  in  an  iron  pan,  12  lbs.  caustic  soda  lye, 
90°  Tw.,  are  added,  the  mixture  is  well  stirred,  covered  up  and  left 
overnight. 

Shades  dyed  with  the  Croas-Dye  Blues  are  considerably 
improved  by  an  after-treatment  for  J  hour  in  a  cold  bath  con- 
taining 10  to  20  per  cent,  of  hydrogen  peroxide  and  sufficient 
ammonia  to  make  the  bath  slightly  alkaline.  The  material  is 
finally  rinsed  and  soaped  hot. 

Topping  of  the  Cross-Dye  Dyestuffs  with  Aniline  Black. 

The  following  method  of  topping  Cross-Dye  dyestuffs  with 
Aniline  black,  by  which  the  cotton  is  weighted  about  10  per  cent., 
may  be  applied. 

Dissolve  6  lbs,  of  bichrome  in  boiling  water  and  add  the 
solution  to  the  cold  dye-bath.  Then  add  in  the  order  given,  2J 
per  cent,  iron  liquor,  3 J  per  cent,  sulphuric  acid  (D.O.V.),  and 
2 J  lbs.  of  aniline  oil  and  2 J  lbs.  of  hydrochloric  acid,  pre- 
viously mixed  together  in  a  bucket  with  a  little  water  in  order  to 
keep  the  fumes  down.  The  bath  is  then  stirred  up  and  the 
dyed,  well  rinsed  cotton  is  entered  into  the  cold  bath,  worked 
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J  hour  cold ;  the  temperature  is  then  raised  in  J  hour  to  140°  F. 
The  cotton  is  lifted  out  and  finally  rinised. 

The  Thiophor  Dybstub^fs  op  Carl  Jaoer,  Dusseldorf- 

Derendorp. 

Thiophor  Dark  Blue  B    and  R. — The  following  proportions 
should  be  used  for  dyeing  50  lbs.  of  cotton  yarn  : — 


Water  .... 
Dyestuflf  .... 
Sodium  sulphide  crystals  . 
Caustic  soda  lye,  76°  Tw.  . 
Glauber's  salt,  or  common  salt 


First  bath.  Standing  bath. 

220  gallons 

4—10  lbs.  3-6  lbs. 

4—10  lbs.  3—6  lbs. 

0-5-  2  lbs.  0-1— 0-2  lbs. 

3—15  lbs.  0-6-5  lbs. 


When   dyeing    in    the    jigger,   the    following  additions  are 
made : — 


First  bath. 
Per  gallon  of  liquor. 

OZR. 

Second  bath. 
Per  cent. 

Dyestuflf 

1-2     4-8 

6        14 

Sodium  sulphide  crystals  . 

1-2     4-8 

6    —14 

Caustic  soda  lye,  76°  Tw.  . 

0-5     1-0 

0-2     0-5 

Glauber's  salt  or  common  salt  . 

1-2     4-8 

0        10 

The  material  should  be  steamed  after  dyeing  and  before 
rinsing. 

Thiophor  Navy  Blue  B  and  R. — For  dyeing  50  lbs.  of  yarn. 

First  Bath.  Standing  Bath. 

Water 220  gallons 

Dyestufif 2-5—8  lbs.              2—5  lbs. 

Sodium  sulphide  crystals  .         .  2*6 — 8  lbs.              2—5  lbs. 

Soda  ash 1—2  lbs.  0-25— 0-5  lbs. 

Common  salt,  or  calcined  Glau- 
ber's salt    ....       2-5—10  lbs.  0 — 5  lbs. 

After  dyeing,  wring  and  rinse  immediately. 

Thiophor  Black  Broun  NO  extra^  and  NR  extra,  require  equal 
weights,  whilst  Thiophor  Black  TS  extra  requires  twice  its  weight 
of  sodium  sulphide  for  dissolving.  They  are  dyed  with  the 
addition  of  soda  ash  and  Glauber's  salt  or  common  salt. 
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The  Thion  Dtbstuffs  op  Ealle  &  Company. 

The  Thion  dijestvffs  are  best  dyed  for  |  to  1  hour  near  the 
boil,  providing  the  material  is  entirely  immersed  in  the  dye- 
liquor.  If  it  is,  however,  partly  exposed  to  the  air  during  dyeing, 
it  is  better  to  conduct  the  operation  at  a  temperature  of  140^  F. 
The  usual  additions  are  made  to  the  dye-bath. 

The  Pyrol  Dyestupfs  of  Farbwbrk  Mulheim,  vorm. 

A.  Leonhardt. 

The  Pyrol  dyestuffs  are  dissolved  with  the  addition  of  sodium 
sulphide.     1  part  of  dyestuflf  requires  : — 

Sociinm  Sulphide 
cone     Parts. 

Yellows  .......  J 

Blue  GT,  R  cone,  RR  cone.  Direct  Blue, 

Navy  Blue | 

All  the  other  dyestuffs    ....  1 

The  temperature  of  the  dye-bath  may  vary  from  122°  to  208°  F. 
A  fresh  bath  ought  to  register  9°  Tw.,  an  old  bath  12°  Tw.,  at 
60°  P.  About  J  per  cent.,  or  more,  of  sodium  sulphide  should  be 
added  to  the  first  rinsing  bath. 

Additions  to  the  dye-bath  : — 


Pir8t  Bath. 
Per  cent. 

Second  Bath. 
Per  cent. 

Third  and  Fourth 
Biith. 
Per  cent. 

Dyestuflf 

10     15 

8     12 

5-5—9 

Sodium  sulphide  cone.    . 

7-5—15 

6     12 

4-5—9 

Glauber's  salt  (calcined). 

50 

20 

5 

or  common  salt 

40 

16 

4 

Soda  ash 

5 

S 

2 

The  dyed  material  may  be  after-treated  for  about  J  hour,  at 
122°  to  194°  F.,  in  a  bath  containing : — 1\  to  2^  per  cent,  of 
copper  sulphate,  J  to  3  per  cent,  of  bichrome,  and  2  to  8  per  cent, 
of  acetic  acid. 

Finishing  of  the  goods  by  giving  them  a  passage  through  a 
solution  of  20  parts  of  Turkey-red  oil,  or  5  parts  of  Monopole 
soap  in  1,000  parts  of  water,  or  by  treating  them  with  1  part  of 
cocoa-nut  oil,  1  part  of  soap,  and  1  part  of  starch,  boiled  up  with 
water,  to  which  a  sufficient  quantity  of  cold  water  is  added  so  as 
to  make  it  up  to  1,000  parts,  is  also  recommended. 
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The  Thionol  Dybstuffs  of  Levinstein  Limited. 

The  Thionol  dyestuffs  are  best  dissolved  by  mixing  the  dyestufi 
with  concentrated  sodium  sulphide  and  3  to  5  per  cent,  of  soda 
ash,  and  then  stirring  with  boiling  water.  The  following  propor- 
tions should  be  used  when  dyeing  heavy  shades  : — 


Thionol  Brown  G  cone.    . 
Thionol  Brown  R,  2R       . 
Thionol  Brilliant  Corinth 
Thionol  Brilliant  Green  3GX,  4GX 
Thionol  Brilliant  Green  GX     . 
Thionol  Khaki 
Thionol  Brown  0.     . 

Equal  parts  of  dyestuff  and  of  sodium  sulphide  cone,  should 
be  used  for  all  the  other  Thionol  dyestuflfs. 

The  following  instructions  for  dyeing  100  lbs.  of  cotton  yarn 
with  Thionol  Black  00  are  given  : — 


Dyestuff. 
Per  cent. 

Sodium  Salphlde 
cone. 
Per  cent. 

10 

6 

12 

6 

15* 

10 

12 

6 

12 

8 

3 

2i 

12 

6 

First  Bath. 

standing  Bath. 

Dyestuflf    .... 

6  lbs. 

4—5  lbs. 

Sodium  sulphide  cone. 

8  lbs. 

5     6  lbs. 

Soda  ash   .... 

5  lbs. 

3  lbs. 

Glauber's  salt    . 

25—50  lbs. 

10—15  lbs. 

Dye-liquor 

200  gallons. 

The  yarn  is  dyed  for  about  1  hour  just  below  the  boil.  After 
dyeing  squeeze,  then  wash  thoroughly  and  dry  as  soon  as  possible. 

The  Thionol  Blues  should  be  dyed  either  cold  or  at  a  tempera- 
ture not  exceeding  120°  F.  When  dyeing  heavy  shades,  the 
cotton  yarn  should  be  worked  for  about  1  hour  in  the  dye-bath, 
squeezed,  evenly  wrung,  well  shaken  and  washed  three  times  in 
cold  water.  2  to  3  lbs.  of  sodium  sulphide  should  be  added  to 
the  first  wash -water. 

Heavy  indigo  shades  on  cotton  yarn  (100  lbs.)  may  be  obtained, 
by  dyeing  cold,  with  Thionol  Blue  2B. 

First  bath.  Standing  bath. 

Dyestuflf 12—15  lbs.  6—10  lbs. 

Sodium  sulphide  cone.     .         .  12 — 15  lbs.  6 — 10  lbs. 

Soda  ash          ....  5 —  8  lbs.  3 —  5  lbs. 

Common  salt  ....  60—100  lbs.  5—10  lbs. 
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Light  or  medium  shades  on  warps  should  be  dyed  in  a  two- 
box  machine,  the  first  box  containing  the  dyes  tuff  solution,  the 
second,  water.  For  dyeing  heavy  shades  it  is  preferable  to  use  a 
four-box  machine,  the  first  two  boxes  containing  the  dye-liquor ; 
in  the  third  box,  which  is  left  empty,  the  colour  is  exposed  to 
the  air,  in  order  to  oxidise  it,  the  fourth  box  being  used  for 
rinsing.  Heavy  shades  are  either  dyed  cold  or  at  a  temperature 
not  exceeding  120°  F. 

The  dye-bath  should  be  prepared,  per  10  gallons  of  liquor, 
with  : — Dyestuff,  1  to  2  lbs. ;  sodium  sulphide  cone,  1  to  2  lbs. ; 
soda  ash,  8  to  4  ozs. ;  common  salt,  1  to  2^  lbs. 

For  every  100  lbs.  of  warps  passed  through  the  machine 
add: — Dyestuff,  6  to  10  lbs.;  sodium  sulphide  cone,  6  to  10  lbs.; 
soda  ash,  3  to  5  lbs. ;  common  salt,  5  to  10  lbs. 

The  other  Thionol  dyestuffs  are  dyed  in  the  usual  manner 
with  the  addition  of  sodium  sulphide,  soda  ash,  and  common 
salt  or  Glauber*s  salt. 

Dyeing  of  Cotton  Piecegoods  in  the  Jigger. 

The  pieces  (100  lbs.)  should  be  given  four  ends  at  the  boil ; 
the  dyestuff  solution  and  the  additions  should  be  added  in 
equal  portions  during  the  first  two  ends.  After  dyeing,  wash  off 
immediately  in  a  separate  jigger,  first  three  times  in  cold,  and 
finally  once  in  warm  water. 

First  Bath.  Standing  Bath. 

Dyestuff. 6  lbs.  4 J  lbs. 

Sodium  sulphide  cone.       .         .              8  lbs.  5  lbs. 

Soda  ash 4 — 5  lbs.  3  lbs. 

Glauber's  salt    .         .         .         .            15  lbs.  5 — 10  lbs. 

Sufficient  water  to  make  up  to  .  16 — 18  gallons 

Thionol  Black  00  extra  cone,,  is  similar  in  shade  but  much 
stronger  than  the  00.  It  requires  f  of  its  weight  of  sodium 
sulphide  cone,  for  dissolving,  and  a  deep  black  in  a  standing 
bath  may  be  obtained  with  3J  per  cent,  of  dyestuff. 

Dijeing  of  Thionol  Dyestuffs  on  Cotton  Piecegoods  with 

Worsted  Selvedges. 

The  method  of  treating  goods  with  formaldehyde  in  order  to 
prevent  the  wool  fibre  from  being  attacked  by  alkalies  or  by 
sodium  sulphide,  was  patented  by  Levinstein  Limited. 


SULPHUR  DYESTUFFS 


265 


In  a  further  patent  (No.  8111/07)  a  method  is  described  for 
dyeing  the  cotton  in  union  [foods  black,  leaving  the  wool 
practically  undyed.  The  following  bath  is  prepared  for  dyeing 
100  Ibp.  of  union  goods  :  30  lbs.  Thionol  Black  0  2>CLste,  8  to  6  lbs. 
sodium  sulphide  cone,  5  to  15  lbs.  hydrosulphite  NF  cone, 
5  to  15  lbs.  glue,  ^  to  2  lbs.  caustic  soda  lye  (70°  Tw.),  and  the 
necessary  quantity  of  water.  Dye  at  18°  to  25°  C,  and  rinse 
well  after  dyeing.  The  addition  of  half  the  quantity  of  dyestuflf, 
etc.,  will  bo  required  for  dyeing  subsequent  lots  of-  material. 


The  Thiogenb  Dyestuffs  of  the  Farbwerke  vorm.  Meister 

Lucius  and  Brunino. 

When  dyeing  light  shades  with  the  Thiogene  dyestuffs^  the 
amount  of  sodium  sulphide  should  be  increased,  and  either  no 
salt,  or  a  small  quantity  only,  should  be  added.  For  heavy 
shades,  sufficient  soda  and  common  salt  has  to  be  added  in 
order  to  produce  a  liquor  of  9°  Tw.  in  strength. 

Glauber's  salt  is  to  be  used  in  preference  to  common  salt,  in 
cop  dyeing.  The  proportion  of  cotton  to  dye-liquor  should 
be :  Dyeing  of  yarn  in  the  ordinary  dye-beck  and  loose  cotton 
in  an  open  vessel,  1  :  20 ;  dyeing  of  piecegoods  in  the  ]igger» 
1:5;  dyeing  of  cops,  cheeses,  etc.,  in  special  machines,  1  :  4  to 
1  :  20.  The  following  table  will  approximately  give  the  com- 
position of  the  dye-bath  when  dyeing  with  the  Thiogene  Blanks 
concentrated. 

I.  For  dyeing  in  a  fresh  bath. 

II.  For  dyeing  the  second  lot  of  material  in  the  same  bath. 
III.  For  dyeing  the  third  lot  of  material  in  the  same  bath. 


Proportion  of 

cotton  to 

dye-liquor. 

Dyeatuff. 
Per  cent. 

Sodium 
Sulphide 
Cr>'8tal». 
Per  cent. 

Soda  AMh. 
Per  cent. 

Glauber's 

Halt. 
Per  cent. 

I. 

12 
12 
12 
12 

II. 

9o 
9o 
9-0 
9-0 

III. 

I. 

II. 

18 
18 
18 
18 

III. 

14 
14 
14 
14 

I. 

2-5 
4 
b 
6 

11. 

III. 

I. 

II. 

ni. 

1  :  4 
1  :  8 
1  :  12 
1  :  20 

7 
t 

i 

3() 
36 
36 
36 

O-o 
10 
\'b 
20 

0-5 

0-76 

10 

1-0 

\b 
25 
50 

0 

10 

0 
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Although  eatisfactory  results  may  be  obtained  by  dyemg  at 
a  low  temperature,  it  is  preferable  to  dye  near  the  boil.  Thorough 
squeezing,  hydroextracting,  or  wringing  after  dyeing  is  essential. 
The  goods  are  then  well  rinsed  and,  if  necessary,  they  may  be 
finally  treated  at  122°  to  176°  F.  with  1  per  cent,  of  lard  and 
1  per  cent,  of  starch ;  or  with  3  per  cent,  of  soft  soap ;  or  with 
3  per  cent,  of  Marseilles  soap. 

Thiogene  Blacks  may  be  topped  with  logwood.  The  material, 
after  having  been  rinsed,  is  treated  for  20  minutes  in  a  hot 
bath  containing  1  to  2  per  cent,  logwood  extract,  and  1  per  cent, 
copper  sulphate. 

Useful  medium  grey  shades  are  obtained  by  dyeing  cotton  in 
the  first  water  used  for  rinsing  Thiogene  Black  dyeings.  Shades 
obtained  in  this  manner  may  be  used  with  advantage  as  a  bottom 
for  Aniline  black  and  indigo  blue. 

Thiogene  New  Blue  does  not  require  steaming  after  dyeing. 

One  of  the  following  after-treatments  may  be  applied  in 
special  cases: — 

(1)  A  passage  through  an  alkaline  bath  is  necessary  if  the 
dyed  material  has  been  treated  with  acid,  as,  for  instance, 
in  the  case  of  cotton  warps  in  union  goods  in  which  the  wool 
has  been  dyed  with  acid  colours,  or  if  the  shades  have  been 
after-treated  with  metallic  salts. 

(2)  The  shades  are  after- treated  with  copper  and  chromium 
salts  in  order  to  improve  their  fastness. 

(3)  Thiogene  Bines  have  to  be  developed  by  steaming  with  a 
mixture  of  steam  and  air. 

(4)  Thiogene  Blue  B  has  to  be  developed  by  ageing  (smother- 
ing) in  a  warm  moist  atmosphere. 

The  Thioxine    Dyestuffs    of    Chemische    Fabrik  Griesheim- 

Elektron,  Wkrk  Oehler. 

The  Thioxine  dijestnjfs  are  dyed  with  the  addition  of  8  per  cent, 
soda  ash  and  85  to  50  per  cent,  calcined  Glauber's  salt.  One 
part  of  dyestuflf  requires  : — 

Sodiuii) 
sulphide. 

Yellow  G,  Indigo  B,  Dark  blue  B.        .         .         .  1  part. 

Orange  K,  Browns,  Black  Go,  A,  ENo,  BTo.       .  Ij  parts. 

Black  BBo,  Olive  Boo,  Goo J  part. 

Black  4B f  part. 
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The  proportion  of  cotton  to  dye-bath  should  be  about  1  :  15. 
Less  salt,  about  one-third  or  one-fifth  of  the  quantities  given 
above,  should  be  used  in  dyeing  cops  or  cheeses  or  other  material 
in  special  apparatus. 

Deeper  shades  are  obtained  if  the  cotton  is  exposed  to  the  air 
for  some  time  before  rinsing. 

The   Sulphur  Dyestuffs   of  the    Societe   des   Matiiires 

COLORANTES   DB    SaINT-DeNIS. 

Vidal  Black  and  Saint-Denis  Black  require  to  be  developed 
after  dyeing,  whilst  this  is  unnecessary  with  Avtogenr  Black 
EEB ;  the  latter  should  be  dissolved  with  twice  its  weight  of 
sodium  sulphide  concentrated,  when  dyeing  in  a  fresh  bath, 
whilst  the  same  weight  should  be  used  when  dyeing  subsequent 
lots  in  the  same  bath.  The  strength  of  the  colour  solution 
should  be  about  2  per  cent.  Preparation  of  the  dye-bath  for 
10  lbs.  of  cotton : — 

Autog^ne  Black  EEB  cone. 

or  Autogene  Black  EEB  double 

Soda  ash ....... 

Common  salt 10 — 15  lbs.      5  lbs. 

Sufl5cient  common  salt  should  be  added  in  order  to  give  a 
specific  gravity  of  10*5°  to  12°  Tw.  at  60°  F. ;  2 J  parts  of  Glauber^s 
salt  may  be  used  in  place  of  1  part  of  common  salt.  Dye  at  the 
boil  for  1  hour,  squeeze  or  wring,  rinse  thoroughly,  and  soap. 

When  dyeing  loose  cotton,  1  part  of  Turkey-red  oil  per  1,000 
parts  of  dye-bath  should  be  added,  and  the  cotton  may  be  finally 
treated  at  140°  to  160°  F.  in  a  bath  containing  either  starch 
and  oil,  or  starch  and  Turkey-red  oil. 

Cachou  de  Laval,  Cachou  R,  and  Thiocateclmie. — Prepare  the 
dye-bath  with  10  per  cent,  of  soda  ash  and  5  to  200  per  cent,  of 
common  salt,  calculated  on  the  weight  of  cotton  to  be  dyed. 
Enter  the  goods  into  the  warm  dye-bath,  heat  to  the  boil,  and 
work  at  the  boil  for  J  hour.  Wring  or  squeeze,  rinse  thoroughly 
and  fix  J  hour  at  140°  to  160°  F.  in  one  of  the  following  solutions  : 
5  per  cent,  of  sodium  bichromate,  with  or  without  the  addition 
of  1  to  5  per  cent,  of  sulphuric  acid ;  or  5  per  cent,  copper  sulphate 
and  5  per  cent,  common  salt ;  or  6  per  cent,  sulphuric  acid,  cold. 


First 

Second 

bath. 

bath. 

8  7o 

6  7o 

6  7o 

4i7o 

lib. 

111). 

268  BLEACHING   AND  DYEING 

Rinse  until  free  from  acid.  The  cotton  may  be  finally  treated 
in  a  boiling  bath  containing  3  per  cent,  potato  starch  and  3  per 
cent,  cocoa-nut  oil. 

The    Thional   Dybstuffs   op    Chemical   Works    formerly 

Sandoz. 

The  Thional  dyestufs  are  dissolved  and  applied  in  the  usual 
manner,  with  the  addition  of  sodium  sulphide,  soda  ash  and 
Glauber's  salt.  The  Oreens  should  be  exposed  to  the  air  after 
squeezing  and  before  rinsing.  Thional  Blue  R  and  RR  may  be 
brightened  by  an  after-treatment  with  either  hydrogen  peroxide, 
bleaching  powder  solution,  or  oil  of  turpentine. 

The   Auronal   Dyestupfs   of   Ghemische   Fabriken    vorm. 

Wbiler-ter  Meer. 

All  the  Auronal  dyestuffs  should  be  dyed  for  about  1  hour 
at  195°  F.,  with  the  exception  of  Auronal  Blue  R  cone.,  which 
is  best  dyed  at  120°  F.  When  dyeing  in  a  standing  bath,  one 
part  of  the  dyestuflf  requires  the  addition  of  the  following 
quantities  of  sodium  sulphide  for  dissolving  : — 

Sodium  sulphide. 
Parts. 


Green  T,  G  extra,  Corinth  E,  Blacks  in  paste . 

Olive  B,  Brown  BG,  V,  Deep  Brown  B.    .        .         .  1 

Blues,    Green    2B    extra,    Brown    2G,    KB,    KV, 

Black  Brown  VI  cone,  Black  4B,  2B  extra        .  IJ 

Yellows,     Orange,     Dark     Green     B,     Olive    G, 

Black  N.  extra,  4G.  extra 2 

,  1^  times  the  quantities  of  sodium  sulphide  given  above  should 
be  used  for  the  first  bath. 

The  following  proportions  are  to  be  used,  in  addition  to  the 
sulphide  given  above,  when  dyeing  deep  shades  with  the  Auronal 
dyestuffs : — 

First  Standing 

bath.  bath. 

Dyestuflf        .         .         .       8— 14  7^  6—10°/ 


Soda  ash  .  .  .  Q\ — 8  ozs.  |  per  10 
Turkey-red  oil  .  .  3J — 5  ozs.  j  gallons 
Common  salt         .         .       2 — 3  lbs.  J     of  liquor. 


o 

O 


2—3  7 
1-2  7, 
5  -10  7 


The  dye-bath  should  register  9"  to  15°  Tw.,  at  60°  F, 
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In  order  to  improve  the  fastness  of  the  Auronal  dyestuflfs,  the 
dyed  material  may  be  after-treated  for  20  minutes  at  175°  F. 
with  1  to  8  per  cent,  of  copper  sulphate  and  2  to  8  per  cent,  of 
acetic  acid ;  or  with  1  to  3  per  cent,  of  bichrome.  Or  1  to  2  per 
cent,  of  copper  sulphate  may  be  added  to  the  last  rinsing  bath. 

A  harder  feel  may  be  obtained  by  treating  the  cotton  after 
dyeing  in  a  bath  containing,  per  10  gallons,  8J  ozs.  of  soap, 
If  ozs.  of  size,  and  5  ozs.  of  acetic  acid,  whilst  a  softer  feel  is 
produced  by  treating  the  material  for  J  hour,  at  140°  F.,  with  the 
following  emulsion :  8 J  ozs.  of  Marseilles  soap  are  dissolved  in 
water  and  mixed  with  If  ozs.  of  olive  oil,  or  castor  oil,  well 
boiled  together,  and  made  up  to  10  gallons  with  water. 


PART   XI 
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Alkali  Blues  (Ba.,  CI.,  H.). 
Alkaline  Blue  RRR  to  6B  (Ca.). 
Aniline  Grey  (Ca.). 
Azoflavine  (Ba.). 
Biebrich  Scarlets  (Ka.). 
Blackley  Blues  (Lev.)- 
Bleu  de  Lille  (Oe.). 
Brilliant  Croceines  (ML.,  Ca.,  J., 

Da.,  Ka.). 
Brilliant  Induline  (Ka."). 
Brilliant  Orange  G  (ML.). 
Coccine  2B  (Be.). 
Cocceine  Scarlet  (Poir.). 
Cotton  Blues  (Da.,  G.,  ML.,  Oe., 

Poir.). 
Cotton  Light  Blue  (ML.). 
Cotton  Scarlet  (Ba.,  J.,  Ka.). 
Croceine  Orange  (Ka.). 
Crooeine  Reds  (Da.). 
Croceine  Scarlets  (CI.,  Ka.). 
p]osines  (Ba.,  Be.,  Ca.,  CI.,  CL,  Da., 

II.,  J.,  Ka.,  ML.,  Poir.,  W.). 
P^osine  Scarlet  (Ca.,  W.). 
Erythrine  P,  X,  RR  (Ba.). 
Erythrosines  (Ba.,  Be.,  Ca.,  Da.,  J., 

Ka.,  ML.,  Poir.,  W.). 
Fast  Pinks  (Da.) 
Fast  Scarlets  (Ba.). 


Fluoresceine  (Poir.). 
Jute  Blue  (Oe.). 
Light  Blue  for  Silk  (Be.). 
Metanil  YeUow  extra  (Ba.,  Be.) 
Methyl  Blues  (Be.,  Ca.,  ML.). 
Methyl  Blue  for  Cotton  (Ka.,  Oe.). 
Methyl  Cotton  Blues  (Da.). 
Methyl  Eosine  (Be.,  Poir.). 
Methyl  Soluble  Blue  (Ba.). 
Naphthol  Yellow  S  (Ba.). 
Nigrosine,  soluble  in  water  ( Ba. ,  Ca . , 

CL,  J.,  Ka.). 
Orange  II.  (Ba.,  Be.,  By.,  Ca.,  CL). 
Paper  Red  PSNR  (CL). 
Phloxines  (Ba.,   Be.,    Ca.,   Da.,  J., 

ML.,  W.). 
Pink  B,  M  (H.). 
Ponceau  (Be.,  CL). 
Pure  Blue  (Ka.,  ML.,  Oe.). 
Quinoliue  Yellow  (Ba.,  Be.). 
Rose  Bengal   (Ba.,   Be.,  Ca.,  Da., 

ML.,  W.). 
Scarlets  (Ba.,  Be.,  Ca.,  H.). 
Silver  Grey  (Ca.). 
Solid  Blue  (Ca.).  , 
Soluble  Blues  (Ba.,  Ka.,  CL,  H., 

Oe.,  Sa.). 
Water  Blues  (Be.,  Ca.). 


Dyeing  with  the  Acid  and  Resorcine  Dyestuffs. 

The  vegetable  fibres  exhibit  but  little  affinity  for  these  dye- 
stuflfs ;  the  process  of  dyeing,  therefore,  merely  consists  in  im- 
pregnating the  fibres  with  a  strong  solution  of  the  dyestuff.  The 
term  **  painting'*  has,  therefore,  been  justly  applied  to  the 
dyeing  of  cotton  piecegoods  with  the  acid  dyestufl^s.  The  shades 
obtained  are,  without  exception,  not  fast  to  washing,  but  with 
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some  of  the  acid  dyesfcufifs  shades  may  be  obtained  which  are, 
comparatively  speaking,  very  fast  to  light. 

The  Eosines  and  the  RhodamineH  may  be  applied  on  a  Turkey- 
red  oil,  or  a  Turkey-red  oil  aluminium  mordant.  This  process 
has  been  described  under  the  dyeing  of  the  basic  cotton  dyestuflfs. 

Eosines,  Erythrosines,  Rose  Bengal,  Phloxine,  Fast  Pinks. 
Dye  for  ^  to  1  hour  in  a  lukewarm  concentrated  (short)  bath, 
containing  30  to  60  lbs.  of  common  salt  per  100  gallons  of  liquor, 
or  steep  the  cotton  for  some  time,  wring  thoroughly  and  dry  at 
a  low  temperature  or  in  the  open  air. 

The  fastness  of  the  shades  to  water  may  be  improved  by  an 
after-treatment  with  Solidogen  A  (Meister,  Lucius  and  Briining). 
The  dyed  material  is  entered  into  and  worked  for  J  hour,  at 
167°  F.,  in  a  bath  containing  2  per  cent,  of  hydrochloric  acid,  2 
to  6  per  cent.  Solidogen  A  pat.,  and  50  to  70  lbs.  of  common  salt 
per  100  gallons  of  liquor.  Binse  well  and  dry.  5  to  10  lbs.  of 
ammonium  sulphocyanide  must  be  first  added  to  every  100 
gallons  of  water  if  copper  dye-vessels  are  used. 

Cotton  Scarlet,  Cotton  Scarlet  extra,  Erythrosine,  Orange  X 
(Ba.).  Work  the  cotton,  for  ^  hour,  cold,  in  a  solution  of  stannate 
of  soda  (3°  Tw.),  steep  for  a  few  hours,  wring  evenly,  then 
steep  for  1  hour  in  a  bath  containing  2  lbs.  alum  per  100  gallons 
of  water,  wring  evenly  and  dye  in  a  concentrated  bath  for  f  hour 
at  140°  F.  Wring  w^ithout  rinsing  and  dry,  if  convenient,  cold. 
For  dyeing  further  lots  the  stannate  bath  has  to  be  kept  at 
3°  Tw.,  but  a  fresh  alum  bath  is  required  each  time.  The  dye- 
bath  may  be  kept  and  strengthened  by  adding  half  the  amount 
of  dyestuflf. 

Another  method  consists  in  impregnating  the  cotton  with 
stannate  of  soda  as  given  above  and  then  treating  it  for  1  hour 
in  a  bath  containing  20  lbs.  alum,  and  3  lbs.  of  soda  ash,  per  100 
gallons.  After  this  wring  evenly,  enter  into  the  concentrated 
dye-bath  at  130°  F.  (60°  C),  work  for  J  hour,  whilst  the  bath  is 
cooling,  wring  and  dry. 

Azoflavine,  Orange  II,  Scarlet  HA,  E,  KR,  RRR,  (Ba.),  Cotton 
Scarlet  (Ba.),  Erythrine  P,  X,  RP,  Fast  Scarlets  (Ba.),  Ponceau  G, 
R,  Ui,  6UB,  4GB,  BO  extra  (Be.),  Scarlet  OR,  (Be.),  Qainoline 
Yellow,  Metanil  Yclloiv  may  be  dyed  in  the  following  manner : 
Enter   the  cotton  into  the   lukewarm   dye-bath,  which  should 
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contain  2  to  10  lbs.  of  dyestoff  per  100  lbs.  of  cotton,  and  to  which 
10  to  20  lbs.  of  common  salt,  and  ^  to  2  lbs.  of  alum  have  been 
added  per  100  gallons.  Work  the  cotton  for  half  an  hour,  wring 
evenly  and  dry  at  ordinary  temperature. 

Alkali  Blue  (H.),  Soluble  Blues,  Orange  IV  (H.).  Oranffe  G  (H.), 
Croce'ine  Scarlets,  Scarlet  O  to  50  and  R  to  SR  (H.),  Eosines,  Pink 
B,  M{H.). 

The  pieces  are  given  two  ends  in  the  padding  machine  at 
140^  F.,  and  dried.  100  gallons  of  padding  liquor  are  prepared 
by  adding : — Dyestnff  according  to  depth  of  shade  required,  8  to 
10  ozs.  Glauber's  salt,  8  to  10  ozs.  alum  and  f  to  1  lb.  dextrine. 

Naphthol  Yellow  S,  Metanil  Felloic,  Quinoline  Yellow. 

The  cotton  is  worked  in  a  very  concentrated  lukewarm  dye- 
bath  with  the  addition  of  10  to  20  lbs.  of  common  salt  per  100 
gallons  of  liquor,  wrung  and  dried  in  the  air. 

Brilliant  Orange  G,  BriUiant  Croce'ine  R,  B,  5B  (ML.). 

Dye  in  a  concentrated  bath,  at  104^  to  122°  F.,  with  the 
addition  of  10  per  cent,  alum  and  40  per  cent,  common  salt, 
wring  and  dry. 

Biilliant  Croce'ine  M,  R,  B  to  9B.  (Ca.),  Ponceau  FR,  FRR, 
FRRR  (Cb,.),  Croce'ine  AZ  (Ca.),  Paper  Red  PSNR  (CI.), 
Orange  11. 

Dye  in  a  concentrated  bath  with  the  addition  of  3  lbs.  alum, 
20  lbs.  Glauber's  salt,  per  100  gallons  of  liquor.  Enter  at  about 
120°  F.,  work  for  half  an  hour  at  this  temperature,  and  then  allow 
to  cool.    Wring  evenly  and  dry  at  a  low  temperature. 

Brilliant  Croce'meSj  Croce'ine  Reds,  Methyl  Blue  for  cotton. 
Cotton  Blues,  Bleu  de  Lille,  Blackley  Blues.  Dye  in  a  concen- 
trated bath  at  180°  F.,  with  the  addition  of  5  per  cent,  of  alum 
which  has  been  neutralised  with  1  per  cent,  of  soda  crystals. 
Work  the  cotton  for  one  hour,  wring  or  hydroextract,  and  dry 
without  rinsing. 

Soluble  Blues.  Dye  in  a  concentrated  bath  at  180°  F.,  with  2 
to  4  per  cent,  of  dyestuff  with  the  addition  of  2  lbs.  of  stannate 
of  soda  and  1  lb.  of  sulphuric  acid,  per  100  gallons  liquor. 
Wring  well  or  hydroextract  and  dry. 

Another  method :  Enter  the  cotton  into  the  dye-bath  (120°  F.) 
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containing  the  necessary  amount  of  dyestuff,  2  to  8  lbs.  tannic 
acid,  and  i  to  ^  pint  sulphuric  acid  per  100  gallons;  work  the 
cotton  whilst  the  bath  is  allowed  to  cool,  wring  or  hydroextract 
and  dry. 

For  other  methods  of  dyeing  Soluble  Blues,  Cotton  Blues,  etc., 
see  under  "Basic  Dyestuffs.*' 


B.D.  T 


PART  XII 

INSOLUBLE  AZO-COLOURS,  PRODUCED  ON  THE  FIBRE 

Insoluble  azo-colours  (the  so-called  "  vacancine"  colours)  were 
first  produced  on  the  fibre  by  Robert  Holliday  in  1880.  The 
Hoechster  Farbwerke  published  a  method  of  producing  these 
colours  in  1889. 

In  order  to  produce  insoluble  azo-colours,  the  fibre  has  to  be 
first  impregnated  with  a  phenol  dissolved  in  caustic  soda  or 
caustic  potash.  Beta-naphthol  gives  the  most  satisfactory  results, 
and  is,  therefore,  chiefly  used  in  practice.  The  colour  is 
developed  by  passing  the  impregnated  cotton  through  the  solu- 
tion of  a  dwzotised  amine  of  the  aromatic  «mrs(diazo-compound). 

Paranitr aniline  and  alpha-naphthylamine  are  chiefly  used  in 
cotton  dyeing,  whilst  chloroanisidine,  dianisidine,  etc.,  are  less 
frequently  employed. 

The  beta-naphthol  colours  are  fast  to  alkalies  and  to  washing ; 
they  do  not  "  bleed.*'  With  the  exception  of  Dianisidine  Blue, 
they  are  also  fast  to  acids.  Their  fastness  to  light  is  satisfactory, 
and  in  most  cases  superior  to  that  of  the  substantive  dyestuffs. 
The  dyeings  always  rub  more  or  less,  especially  if  the  necessary 
care  has  not  been  taken  in  dyeing.  When  heated  to  high  tempera- 
tures, the  colours  volatilise  slowly.  The  naphthol  itself  shows 
this  property,  and  drying  of  the  cotton  which  has  been  prepared 
with  the  naphthol  solution  at  too  high  a  temperature,  or  allowing 
the  material  to  be  in  contact  with  the  surface  of  the  drying 
cylinders  for  too  long  a  time,  may  already  cause  some  of  the 
naphthol  to  volatilise. 

The  fastness  of  the  insoluble  azo-colours  may  be  improved  by 
an  after-treatment  with  metallic  salts,  especially  copper  salts, 
but  the  lake  formed  is  not  very  stable  ;  it  is  decomposed  by  the 
action  of  acids  or  alkalies.  Tlie  shade  of  the  colour  is  con- 
siderably changed  by  this  after-treatment.  Paranitraniline  red 
after-treated  with  copper  sulphate  gives  a  brown.  In  the  case 
of  Dianisidine  Blue,   an    after-treatment   with  copper  salts  is 
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necessary  in  order  to  convert  the  unstable  reddish-blue  into  a 
useful  blue  which  is  fast  to  washing  and  to  light,  but  not  fast 
to  acids.  A  copper  salt  may,  in  some  cases,  be  added  to  the 
developing  bath,  or  to  the  naphthol  solution. 


2-f 


The  Dyeing  of  Paranitranilinb  Red  on  Cotton  Yarn. 

Prepaiing. — The  yarn  is  boiled  as  usual  with  caustic  soda, 
rinsed  and  dried.  It  is  not  advisable  to  use  the  moist  yarn  on 
account  of  the  water  which  would  be  introduced  into  the 
preparing  bath. 

The  preparing  consists  in  impregnating  the  yarn  with  a  solution 
of  beta-naphthol  in  caustic  soda  lye.  For  this  purpose  the  yarn 
is  either  treated  by  hand  in  a*  "  bowl,"  as  shown  in  Fig.  66  (a 
wringing  peg  should  be  provided 
immediately  above  the  bowl)  or  it 
is  worked  in  a  tramping  machine, 
as  described  under  "  Turkey-red  *' 
(Fig.  68,  p.  814). 

In  some  cases  the  raw  unboiled 
yarn  is  treated  in  the  preparing 
bath,  but  great  care  has  to  be  taken 
to  ensure  even  penetration  of  the 
preparing  liquor. 

Yellowish-red  shades  are  produced 
when  ordinary  beta-naphthol  is  tised,  whilst  more  bluish  shades 
may  be  obtained  with  Beta-naphthol  11  (ML.)  or  Beta-naphthol 
RC  (Ca.). 

When  using  either  beta-naphthol  RC  or  beta-naphthol,  the 
preparing  liquor  required  for  100  lbs.  of  cotton  yarn,  is  made 
up  as  follows :  Mix  2  lbs.  8J  ozs.  beta-naphthol  with  2  lbs.  8 J  ozs. 
caustic  soda  lye,  75°  Tw. ;  add  2J  gallons  boiling  water  and  stir 
until  dissolved.  Dissolve  separately  5^  lbs.  Turkey-red  oil  or 
5J  lbs.  castor-oil  soap  in  2J  gallons  boiling  water.  Somewhat 
bluer  and  brighter  shades  are  obtained  by  using  castor-oil  soap. 
(See  under  *'  Soap,"  p.  53.)  Mix  the  two  solutions  and  dilute 
with  water  to  V6\  gallons. 

An  addition  of  tartar  emetic  to  the  beta-naphthol  solution  is 
sometimes  made  in  order  to  prevent  the  impregnated  yarn  from 
turning  a  brownish  shade  during   drying.      A  brighter  red  is 

T  2 


Fig.  66.— "Bowr'  for  im- 
pregnating yam  with 
beta- naphthol  solution. 
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thus  produced.     If  a  precipitate  of  antimony  oxide  is  formed, 
sufficient  caustic  soda  must  be  added  to  dissolve  it. 

The  bowl  or  trough  is  charged  with  3J  gallons  of  the  preparing 
liquor,  which  should  have  a  temperature  of  about  105°  F.,  or 
even  higher  than  this.  2  lbs.  of  yarn  are  worked  at  a  time. 
The  yarn  is  turned  a  few  times,  well  wrung,  or  hydroextracted, 
and  dried,  or  after  the  100  lbs.  of  yarn  have  been  passed  through, 
it  is  passed  once  more  through  the  same  bath  (in  2-lb.  lots), 
wrung,  wrapped  up  in  light  calico  and  hydroextracted  for  15  to  20 
minutes.  The  yarn  is  now  hung  loosely  on  square  sticks,  dried 
sharply  (best  overnight),  and  finally  developed.  ly%  pints  of  the 
naphthol  solution  should  be  added  to  the  liquor  after  each  2-lb. 
lot  of  yarn  has  been  impregnated. 

Dcrelojnng, — When  using  Paranitranlline  C  (Cassella),  the 
developing  bath  for  100  lbs.  of  cotton  yarn  is  prepared  as 
follows : — 

A, — 1  lb.  14  ozs.  Paranitraniline  C  are  well  mixed  with  5 J 
pints  boiling  condensed  water  and  dissolved  by  adding  3  J  pints 
hydrochloric  acid,  32°  Tw.  The  acid  solution  is  run  in  a  thin 
stream,  while  constantly  stirring,  into  4J  gallons  of  very  cold 
water.  As  soon  as  the  solution  has  cooled  to  a  temperature 
below^  57°  F.,  a  solution  of  1  lb.  1\  ozs.  nitrite  of  soda  in  about 
4  pints  of  cold  w^ater  is  poured  into  it,  whilst  stirring.  After  about 
10  minutes  the  clear  solution  is  diluted  with  cold  water  to  9J 
gallons. 

B, — 2J  pints  caustic  soda  lye,  86°  Tw.,  are  diluted  with  cold 
water  to  4  gallons. 

Or  if  a  more  blueish  red  is  required  :—- 

B  /. — 2^  pints  caustic  soda  lye,  36°  Tw.,  are  diluted  with 
cold  water  to  1  gallon  5  pints  and  mixed  witli  a  solution  of  2  lbs. 
8J  ozs.  of  acetate  of  soda  dissolved  in  1  gallon  5  pints  of  cold 
water.     The  whole  is  diluted  to  4  gallons. 

Or  for  producing  still  more  bluish  shades  of  red : — 
B  II, — 4  lbs.  7  ozs.  acetate  of  soda  are  dissolved  in  4  gallons 
of  cold  water. 

The  use  of  very  cold  water  is  essential.  If  the  temperature  in 
the  dyehouse  is  above  68°  F.,  small  pieces  of  ice  should  be  thrown 
into  the  bowl  in  which  the  yarn  is  developed. 

A  more  stable  diazo-solution  is  obtained,  at  a  low  cost,  if 
caustic  soda  lye  alone  is  used  for  neutralising,  but  the  shade  of 
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the  red  will  be  very  yellowish.     The  bluest  shades  of  red  are 
obtained  by  using  sodium  acetate. 

The  developing  bath  (for  100  lbs.  of  yarn)  may  be  prepared 
with  Nitrazol  C  pat,,  in  place  of  paranitraniline. 

A. — 12  lbs.  2  ozs.  Nitrazol  C  are  dissolved  by  stirring  with 
6 J  gallons  cold  water.  Allow  to  stand  for  80  to  40  minutes,  pass 
the  solution  through  a  hair-sieve  and  dilute  with  cold  water  to 
9J  gallons. 

B. — 1  gallon,  f  pints  caustic  soda  lye,  36°  Tw.,  are  diluted 
with  cold  water  to  4  gallons. 

Or,  if  more  bluish  shades  are  required  : — 

B  I, — 7J  pints  caustic  soda  lye,  86°  Tw.,  are  diluted  with 
cold  water  to  1  gallon  5  pints,  and  mixed  with  a  solution  of  2  lbs. 
10  J  ozs.  sodium  acetate  in  1  gallon  5  pints  cold  water.  The  whole 
is  diluted  with  water  to  4  gallons. 

A  bowl,  similar  to  the  one  used  for  preparing  the  yarn,  but 
somewhat  larger  (capacity  about  6 J  gallons)  is  used  for  developing 
the  red.  The  bowl  is  charged  with  2  gallons  5  pints  of  very 
cold  water  (if  necessary  with  the  addition  of  small  lumps  of  ice), 
2^  gallons  of  liquor  A,  and  7 J  pints  of  liquor  B,  B  I.,  or  B  II, 

A  2-lb.  lot  of  yarn  is  passed  through,  wrung,  passed  through 
once  more  and  wrung.  For  each  following  2-lb.  lot  1^  pint  of 
liquor  A  and  J  pint  of  liquor  B,  or  B  /.,  or  B  II,,  must  be  added. 
When  all  the  yarn  has  been  developed,  rinse  thoroughly  and 
soap  at  the  boil. 

It  may  be  found  useful,  in  some  instances,  to  rinse  after  the 
first  soaping  and  then  to  soap  a  second  time. 

When  using  Azophor-Ked  (ML.)  in  place  of  paranitraniline, 
two  solutions,  A  and  B,  have  to  be  prepared : — 

Solution  A, — 4,500  to  5,600  grms.  Azophor-red  are  mixed  with 
30  litres  cold  water.  For  this  purpose  a  barrel,  with  a  tap 
immediately  above  the  bottom,  should  be  provided.  The  whole 
will  be  dissolved  in  I  to  J  hour.  Allow  to  stand  for  1  to  2  hours. 
Any  insoluble  matter  will  rise  to  the  surface  of  the  liquor.  The 
clear  solution  is  filtered  through  calico,  and  the  residue  on  the 
filter  and  in  the  barrel  is  rinsed  with  10  litres  cold  water.  In 
this  manner  40  litres  of  solution  A  are  obtained. 

Solutioji  B. — 2  to  2 J  litres  caustic  soda  lye  (22^  Be.),  7 J  to 
8  litres  water.     Make  the  whole  up  to  10  litres. 
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For  developing,  slowly  mix  40  litres  of  A,  whilst  stirring,  with 
10  litres  of  B.     Stir  until  practically  clear. 

A  developing  bath  containing  56  grms.  of  Azophor-red  and 
14  grms.  of  paranitraniline  per  litre  has  been  found  to  give  very 
good  results  on  the  large  scale. 

The  developing  is  carried  out  as  described  above. 

Nitrosamine-red  paste  (Badische  Anilin  und  Soda  Fabrik)  may 
be  used  as  developer  in  place  of  paranitraniline. 

For  dark  shades  on  cotton  yarn  8  lbs.  2  ozs.  Nitrosamine-red 
paste  are  stirred  up  with  3^  gallons  cold  water ;  then  add  slowly 
8  lbs.  1  oz.  hydrochloric  acid,  82°  Tw. ;  let  the  mixture  stand  for 
i  hour,  make  up  to  7^  gallons  with  cold  water,  and  before  using 
add  3  lbs.  12  ozs.  sodium  acetate  crystals. 

In  the  following  two  methods  of  preparing  the  developing 
bath  with  Paranitraniline  extra  (ML.)  ice  has  to  be  employed. 

1«/  Method. — 280  grms.  paranitraniline  extra  are  made  into  a 
paste  with  200  c.c.  cold  water.  The  mixture  is  cooled.  Then  add 
520  c.c.  sodium  nitrite  solution  (290  grms.  per  litre).  This  is 
poiured  gradually,  whilst  stirring,  into  a  mixture  of  440  c.c.  hydro- 
chloric acid  (22*^  Be.),  and  4,000  c.c.  ice- water  and  ice.  Stir,  filter, 
and  before  using  add  600  grms.  sodium  acetate,  and  dilute  with 
cold  water  to  10  litres. 

2nd  Method. — 280  grms.  paranitraniline  extra  are  dissolved  in 
1,200  c.c.  boiling  water  and  440  c.c.  hydrochloric  acid,  22°  Be. 
The  whole  is  thoroughly  stirred  whilst  cooling  in  order  to 
precipitate  the  paranitraniline  in  a  very  finely-divided  state.  Now 
add  1,000  c.c.  cold  water  and  1,000  grms.  ice.  The  temperature 
of  the  mixture  should  be  0°  to  2°  C.  Then  add  520  c.c.  sodium 
nitrite  solution  (290  grms.  per  litre).  Stir  frequently,  filter  and 
add,  before  using,  600  grms.  sodium  acetate.  Finally  dilute 
with  water  to  10  litres. 

Paranitraniline  Bed  on  Cotton  Piecegoods. 

Paranitraniline  red  is  very  largely  dyed  on  cotton  piecegoods. 
The  bleached  dried  pieces  should  be  padded  once,  twice,  or  even 
three  times  with  the  beta-naphthol  solution,  according  to  the 
thickness  of  the  material,  and  well  squeezed  in  order  to  prevent 
an  excess  of  the  naphlhol  solution  being  dried  on  the  surface  of 
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the  goods,  as  this  causes  rubbing  of  the  shade.  Sharp  drying  by 
means  of  a  passage  through  the  hot  fiiu-  is  best,  although  drying 
cylinders  rnay  be  used  for  the  purpose.  In  the  latter  case  it  is 
essential  to  wrap  the  first  three  or  four  cylinders  with  cotton 
cloth. 

The Beta-napktJiol  Solution. — Dissolve  3  lbs.  5  ozs.  beta-naphthol 
(Ba.)  in  3  lbs.  5  ozs.  eaustie  soda  lye  (77°  Tw.)  and  4J  gallons 
hot  water,  add  II  lbs.  Turkey-red  oil  P  (50  per  cent.),  stir  and 
make  up  to  22  gallons ;  or  250  grms.  beta-naphthol  (ML.)  are 
dissolved  in  400  c.c.  caustic  soda  lye  (22°  Be.)  with  the  addition  of 
250  grms.  Para-soap  PN  (ML.),  and  made  iip  to  10  litres;  or 
4J  lbs.  beta-naphthol  and  6^  ozs.  Red  developer  C  (Ca.)  or 


Fifi.  67.— Machine  for  Developing  Para<Bed  on  Kecegoods. 

4  lbs-  14  ozs,  Naphthol  RC  (Ca.)  are  stirred  with  5  lbs.  caustic 
soda  lye  (76°  Tw.) ;  7J  lbs.  boiling  water  and  subsequently 
6J  lbs-  cold  water  are  added,  then  10  lbs.  eastor-oil  soap  (see 
under  "Soap,"  p.  58),  dissolved  in  5  gallons  hot  wattr,  are  added, 
and  the  whole  is  diluted  with  cold  water  to  20  gallons. 

If  a  more  yellowish  shade  of  red  is  desired,  the  addition  of  Ked 
developer  should  be  omitted. 

Developing.— 1h%  machine  in  use  for  developing  Para-red  on 
pieeegoods,  illustrated  in  Fig.  67  (taken  from  Die  Uainntcoll- 
fiirberei,  L.  Cassella  &  Co.),  consists  of  a  padding  machine  with 
wood  or  iron  trough  for  the  diazo-aoluLion. 

After  padding,  the  pieces  travel  over  guiding  rollers  hi  order  to 
expose  them  for  a  short  time  to  the  air.  They  pass  ultimately 
into  an  open-width  washing  machine  of  the  "  open-soaper  "  type. 
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One  or  two  compartments  are  provided  with  spirt-pipes,  whilst 
running  water  is  employed  in  the  other  compartments.  The 
pieces  are  finally  soaped  at  the  boil,  rinsed  and  dried.  The  tem- 
perature of  the  developing  bath,  which  has  to  be  continuously 
strengthened  with  fresh  diazo-solution,  should  not  be  above 
60°  F. 

Developing  Solution  Prepared  with  Nitrosamine  Red  Paste 
(Badische  Anilin  und  Soda  Fabrik), 

A. — Stir  carefully  together  17  lbs.  10  ozs.  Nitrosamine-red  paste 
with  4^  gallons  cold  water,  add,  while  stirring  well,  8  lbs.  2J  ozs. 
hydrochloric  acid,  82°  Tw.,  and  allow  to  stand  for  20  to  30  minutes, 
stirring  occasionally. 

B. — 8  lbs.  13  ozs.  sodium  acetate  crystals  are  dissolved  in  4^  gal- 
lons cold  water.  Shortly  before  using  pour  B  into  A,  and  make 
up  with  cold  water  to  22  gallons. 

Developing  Solution  Prepared  with  Paranitraniline  (ML.), 

,140  grms.  paranitraniline  are  dissolved  in  1,200  c.c.  boiling 
water  and  220  cc.  hydrochloric  acid,  22°  Be.  Stir  continuously 
during  cooling,  and  then  add  1,000  grms.  ice,  and  when  the 
temperature  has  been  reduced  to  0*^  to  2°  C.  add  260  c.c.  sodium 
nitrite  solution  (290  grms.  per  litre).  Stir  frequently,  filter,  and 
before  using  add  200  grms.  sodium  acetate,  and  make  up  with 
cold  water  to  10  litres. 

Developing  Solution  Prepared  xvith  Paranitraniline  C 

(L.  Cassella  <&  Co.). 

A . — 2  lbs.  13  oz.  Paranitraniline  C  are  mixed  with  2  gallons 
boiling  water  and  dissolved  by  the  addition  of  4J  pints  hydro- 
chloric acid,  86°  Tw.  This  solution  is  stirred  into  about  5  gallons 
cold  water  and  cooled  to  100°  to  142°  F.  by  the  addition  of  10  lbs. 
of  ice.  1  gallon  4J  pints  of  a  solution  of  sodium  nitrite  (1 :  10)  are 
then  added.  After  a  few  minutes  the  solution  will  have  become 
clear,  when  it  is  diluted  with  cold  water  to  15  gallons. 

B. — 6  lbs.  sodium  acetate  are  dissolved  in  4  gallons  water  and 
diluted  with  water  to  5  gallons. 

The  developing  bath  is  composed  of  8  parts  of  A  and  1  part  of  B. 
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Ih'vdopimj  Solntion  Prepared  with  Nitrazol  C  (CaaseUa). 

A. — 17 J  lbs.  Nitrazol  C  are  dissolved  at  ordinary  temperature 
in  5^  gallons  water  and  reduced  with  water  to  16J  gallons. 

B.—l  quart  caustic  soda  lye,  77°  Tw.,  is  diluted  with  2  J  gallons 
water  ;  this  solution  is  mixed  w^ith  6J  lbs.  sodium  acetate,  dissolved 
in  2J  gallons  water,  and  made  up  w-ith  water  to  5^  gallons. 

The  developing  bath  is  composed  of  3  parts  of  A  and  1  part  of  B, 


Alpha-Naphthylaminb  Clabet. 

A  bluish  red,  which  is  fast  to  washing,  acids  and  alkalies,  but 
only  moderately  fast  to  light,  is  produced  w-ith  alpha-naphthyl- 
amine  and  beta-naphthol.  The  method  of  working  is  the  same 
as  that  given  for  Paranitraniline  red,  but  the  addition  of  Turkey- 
red  oil,  etc.,  is  not  required.  Alpha-naphthylamine  claret  is 
chiefly  used  on  piecegoods.  Meister,  Lucius  and  Briining  give 
the  following  instructions  for  dyeing  claret. 

Beta-naphthol  Sohition : —260  grms.  beta-naphthol,  500  c.c. 
caustic,  soda  lye  (22°  Be.),  750  grms.  tragacanth-thickening  (60  : 
1,000),  made  up  to  10  litres. 

Developing  Bath  Prepared  with  Alpha-Naphthylamine  Base. 

143  grms.  alpha-naphthylamine  base  are  dissolved  in  3,000 
c.c.  water  and  100  c.c.  hydrochloric  acid,  22°  Be.,  and  cooled. 
Then  add  200  c.c.  hydrochloric  acid,  22°  B6.,  and  2,000  grms.  ice. 
Allow  to  cool  to  about  0°  C,  and  add,  whilst  stirring,  2(50  c.c.  of  a 
solution  of  sodium  nitrite  (290  grms.  per  litre).  Immediately 
before  using  add  300  grms.  sodium  acetate,  and  dilute  with  cold 
water  to  10  litres. 

Dei  eloping  Bath  Prepared  with  Alpha-Naphthglamine 
Hydrochloride  Paste,  36  per  cent, 

500  grms.  of  the  paste  are  mixed  w-ith  500  c.c.  cold  water. 
Add  2,000  grms.  ice.  When  the  temperature  is  about  0""  C,  add 
slowly  200  c.c.  hydrochloric  acid,  22"  Be.  After  10  to  15  minutes 
filter,  and  immediately  before  using  add  300  grms.  sodium  acetate. 
Then  dilute  with  cold  water  to  10  litres. 
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Derdojnng  Bath  Prepared  with  Alphu-Naphthylumine 

Salt  S  Powder. 

The  diazo-solutions  prepared  with  alpha-naphthylamine  salt 
S  powder  are  more  stable  than  those  prepared  with  ordinary 
alpha-naphthylamine. 

192  grms.  alpha-naphthylamine  salt  S  powder  are  made  into 
a  paste  with  2  litres  cold  water  and  100  grms.  sulphuric  acid, 
66°  Be.  Then  add  2  kilos,  ice.  When  the  temperature  of  the 
mixture  is  about  0°  C,  slowly  run  into  it,  whilst  stirring, 
260  c.c.  of  a  solution  of  sodium  nitrite  (290  grms.  per  litre), 
allow  to  stand  for  15  minutes,  filter  and  add  1,000  grms. 
tragacanth-tliickening.  Immediately  before  using  add  300  grms. 
sodium  acetate  and  dilute  with  water  to  10  litres. 

Scarlet  with  Chloroanisidinb  P  (Ba.). 

Diazotised  chloroanisidine  on  beta-naphthol  prepared  piece- 
goods  produces  a  very  brilliant  scarlet,  fairly  fast  to  washing, 
light  and  bleaching. 

The  naphthol  solution  is  prepared  as  given  on  p.  279. 

Preparation  of  the  Developing  Bath. — Dissolve  4  lbs.  *5  ozs. 
chloroanisidine  P  in  11  gallons  of  water,  and  3  lbs.  5  ozs. 
hydrochloric  acid,  32°  Tw.  Warm  until  dissolved,  then  cool 
with  ice  to  40°  to  50°  F. ;  add  slowly,  while  stirring,  a  solution 
of  1  lb.  8i  ozs.  to  1  lb.  9  ozs.  sodium  nitrite  in  2  gallons  water, 
and  stir  for  10  to  15  minutes.  Shortly  before  using  add  a 
solution  of  4^  lbs.  sodium  acetate  in  2  gallons  water,  and  make 
up  with  cold  water  to  22  gallons. 

A  brilliant  orange,  on  cotton  piecegoods  which  have  been 
prepared  with  beta-naphthol,  may  be  obtained  by  using  Meta- 
nitraniline  B  (Ba.).  The  method  of  working  is  the  same  as 
that  given  for  Paranitraniline  red. 

DiANisiDiNE  Blue,  Azophor  Blue  D  (Naphthol  Blue) 

(ML.) 

is  produced  by  coupling  Azophor  Blue  D  (diazotised  dianisidine) 
with  beta-naphthol. 

The  napldhol  golutiou  is  prepared  as  follows  : — 250  grms. 
beta-naphthol ;  500  c.c.  caustic  soda  lye,  22°  Be. ;  1,000  grms. 
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ammonia  Turkey-red  oil ;   150  grms.  sodium   acetate  crystals ; 
made  up  with  water  to  10  litres. 

Developing  Bath, — Dissolve  250  grms.  Azophor  Blue  D  in 
8,000  c.c.  water.  Filter  and  thicken  wdth  750  grms.  flour- 
thickening,  then  add  300  c.c.  cupric  chloride  solution,  40°  B6., 
and  10  grms.  chromic  acid  dissolved  in  water.  Dilute  the  whole 
with  w^ater  to  10  litres. 

Other  colours  which  are,  however,  of  minor  importance,  may 
be  produced  on  the  fibre  with  beta-naphthol  and  the  following 
bases : — 

with  Beta-naphthylamine. 
Azophor  Orange  (ML.). 


Red 

Orange 

Reddish-orange 

Pink 

Red 

Red 

Yellow  Orange 

Maroon 

Maroon 

Claret 

Orange  Yellow 

Brilliant  Scarlets  and  Pinks 

Yellowish-orange 

Pink 
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Nitro-;}-Toluidine. 

Azophor  Pink  A  (ML.). 

Azophor  Pink  BB  (ML.). 

Aminoazobenzene. 

j[)-Toluidine. 

Benzidine. 

Tolidine. 

Aminoazotoluene. 

Aniline. 

Nitrosamine  Pink  Bx  (Ba.) 

Tuscaline  Orange  Base  G  (Ba.). 

Azo  Pink  (ML.). 
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Yellows  and  Oranges. 

Algole  Yellows  (By.). 
Algole  Orange  (By.). 
Anthraflavone  G  paste  (Ba.). 
Cibanone  Orange  R  (CI.). 
Cibanone  Yellow  R  (GI.). 
Ilelindone  Yellow  (ML.). 
llelindone  Oanges  (ML.). 
Indanthrene  Gold  Orange  (Ba.). 
Iiidanthreue  Orange  (Ba.). 
Indanthrene  Yellows  (Ba.). 
Thio  Indigo  Orange  (Ka.). 
Thio  Indigo  Yellow  (Ka.). 

Reds. 

Algole  Bordeaux  (By.). 
Algole  Pink  (By.). 
Algole  Reds  (By.). 
Algole  Scarlet  (By.). 
Ciba  Itordeaux  B  (CL). 
Ciba  Red  G  (CL). 
Ciba  Scarlet  G  (CL). 
Helindone  Fa«t  Scarlets  (ML.), 
llelindone  Pinks  (ML.). 
llelindone  Reds  (ML.). 
llelindone  Scarlets  (ML.). 
Indanthrene  Claret  (Ba.). 
Indanthrene  Copper  (Ba.). 
Indanthrene  Maroon  (Ba.). 
Indanthrene  Red  (B«.). 
Indanthrene  Scarlet  G  (Ba.). 
Thio  Indigo  Reds  (Ka.). 
Thio  Indigo  Scarlets  (Ka.). 
Yut  Red  B  (lia.). 

Blues  and  Violets. 

Algole  Blues  (By.). 

Algole  Brilliant  Violet  (By.). 


Algole  Corinth  (By.). 
Algole  Violet  (By.). 
Alizarine  Indigo  (By.). 
Brilliant  Indigo  (Ba.). 
Brome  Indigo  (By.). 
Ciba  Blue  (CL). 
Ciba  Heliotrope  (CL). 
Ciba  Violets  (CL). 
Helindone  Blues  (ML.). 
Helindone  Violets  (ML.). 
llydron  Blue  pat.  R,  G  (Ca.). 
Indanthrene  Blues  (Ba.). 
Indanthrene  Dark  Blue  (Ba.). 
Indanthrene  Violets  (Ba.). 
Indigo  (Ba.,  Ka.,  ML.). 
Indophenol  (DH.). 

Greens. 

Algole  Green  (By.). 
Algole  Olive  G  {By.). 
Ciba  Green  (CL). 
Helindone  Green  (ML.). 
Indanthrene  Green  B  (Ba.). 
Indanthrene  Olive  (Ba.). 
Leucole  Dark  Green  (By.). 

Browns. 

Cibanone  Brown  (CL). 
Helindone  Browns  (ML.). 
Indanthrene  Brown  (Ba.). 
Leucole  Brown  (By.). 
Thio  Indigo  Brown  (Ka.). 

Greys  and  Blacks. 

Algole  Grey  B,  2B  (By.), 
llelindone  Grey  (ML.). 
Indanthrene  Black  (Ba.). 
Indanthrene  Grey  (Ba.). 
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Within  the  last  few  years  a  considerable  number  of  rat  dyestuffs 
have  been  introduced,  which  enable  the  dyer  to  produce  a  great 
variety  of  shades  of  extraordinary  fastness.  It  should,  however, 
be  noted  that,  comparatively  speaking,  the  vat  dyestufifs, 
especially  when  used  in  dyeing  heavy  shades,  are  expensive. 

W.  F.  A.  Ermen^  points  out  that  the  fastness  of  shades  pro- 
duced with  these  dyestuffs  varies  very  considerably,  and  it  is, 
therefore,  advisable  to  carefully  ascertain  the  resistance  towards 
certain  agents  of  any  one  of  these  dyestuffs  before  using  it  for  a 
special  purpose.  This  applies  particularly  to  shades  dyed  on 
yarns,  for  instance,  which  are  woven  into  goods,  and  which  have 
to  pass  through  the  bleaching  process. 

Artificial  Indigo. 

Artificial  indigo  takes  the  most  important  position  among 
the  vat  dyestufifs.  Within  the  last  few  years  it  is  replacing 
the  natural  product  more  and  more,  and  unless  the  price  of 
natural  indigo  can  be  reduced  the  time  may  not  be  so  very 
far  distant  when  natural  indigo,  like  madder,  will  be  little  used. 

The  artificial  product  is  identical  with  natural  indigo,  and, 
at  least,  as  far  as  cotton  dyeing  is  concerned,  no  difference  can 
be  detected  between  the  behaviour  of  the  two  products  in  the  vat. 

The  varying  composition  of  natural  indigo  is  one  of  its 
serious  disadvantages  as  compared  with  artificial  indigo. 

In  the  following  part,  general  information  will  be  given  as 
regards  the  working  of  the  different  types  of  indigo  ratsy 
whilst  the  additions  required  will  be  given  in  special  tables. 

The  Copperas  Vat, 

The  copperas  vat  always  contains  a  considerable  amount  of 
sediment,  and  it  is,  therefore,  chiefly  used  in  the  dyeing  of 
hanks.  In  favour  of  this  type  of  vat  are  the  facts  that  it  is 
both  easily  set  and  kept  in  condition.  A  certain  amount  of 
indigo  is  always  lost  in  the  copperas  vat,  due  to  over-reduction. 

The  reaction  proceeds  in  accordance  with  the  following 
equations  : — 

FcSOa  +  Ca(0n)2  =  Fe{0H)2  +  CaSO^. 
CieirioN202  +  2  Fe(0H)2  +  2  H^O  =  GidluN^Oc,  +  Fe^iOII)^ 
(Indigo) .  (Indigo-white) . 

*  Journ.  Soc,  Dyers  and  CoJouriatSf  Vol.  XXVI.,  p.  263,  1910. 


286 


BLEACHING  AND  DYEING 


The  excess  of  lime  present  in  the  vat  dissolves  the  indigo 
white. 

The  temperature  in  the  dyehouse  should  not  be  too  low  in 
winter  time.  The  indigo  should  be  well  ground  with  water,  or 
if  Indigo  pante  (Ba.  or  ML.)  is  used,  this  should  be  mixed  with 
water.     The   lime   is   made   into   a   thin   uniform   paste   with 
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' 

powder 

water,  a  Uttle  warm  water  is  added,  and  the  indigo  stirred 
into  it.  The  copperas  is  dissolved  in  water,  and  the  solution 
added  slowly  and  with  continuous  stirring  to  the  indigo 
paste.  The  whole  is  poured  into  a  cask,  filled  up  with  warm 
water,  covered  with  a  lid,  and  allowed  to  stand  until  it  is 
cooled.  During  the  cooling,  which  should  occupy  from  5  to  6 
hours,  the  liquor  is  occasionally  stirred. 
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The  stock  vat  will  be  ready  as  soon  as  it  assumes  a  clear 
yellow  shade. 

The  dye- vats  have  in  the  meantime  been  partly  filled  with 
water,  to  which  the  stock  vat  is  now  added.  After  the  liquor 
has  been  well  stirred  for  some  time,  it  is  allowed  to  settle. 

After  4  to  6  bundles  of  yarn  have  been  dyed,  the  vat  is 
stirred  up  and  again  allowed  to  settle.      In  this  manner  from 

3  to  4  lots  may  be  dyed  per  day,  until  the  vat  is  exhausted.  If 
the  vats  are  used  in  series  of,  say,  5  vats  of  different  strengths, 
they  may  be  freshened  up  from  time  to  time  with  lime  and 
copperas,  until  exhausted. 

The  boiled  yarn  should  be  hydroextracted  or  well  wrung,  and 
then  roughly  shaken  before  entering  it  into  the  vat. 

The  yarn  is  soured  after  dyeing  in  a  1  to  2  per  cent,  solution 
of  sulphuric  or  hydrochloric  acid  ;  it  is  finally  well  rinsed. 

Before  pouring  the  stock  vat  (Ba.  or  ML.)  into  the  dye-vat, 
1  lb.  of  ferrous  sulphate  and  IJ  to  2  lbs.  of  quicklime  should 
be  added  per  100  gallons  of  liquor. 

The  Zinc-Lime  Vat, 

In  the  zinc-lime  vat  the  hydrogen  required  to  reduce  the 
indigo  blue  to  indigo  w'hite  is  produced  according  to  the  following 
equation : — 

Zn  +  Ca{0H)2  =  ZnOaCa  +  2  H, 

The  indigo  white  dissolves  in  the  excess  of  lime  present  in 
the  vat. 

As  compared  with  the  copperas  vat,  the  zinc-lime  vat  con- 
tains much  less  sediment,  and  it  may,  therefore,  be  used  in  all 
the  different  kinds  of  vats. 

The  indigo  should  first  be  ground  dry  and  afterwards  with 
water.  The  indigo  pastes  of  the  B.A.S.F.,  and  of  M.L.B.,  do  not 
require  grinding,  but  are  simply  well  mixed  with  water.  The 
Badische  Company  recommend  ihe  setting  of  a  stock  vat  con- 
taining 2  to  2^  per  cent,  of  pure  dyestuflf.  The  reduction  should 
be  conducted  at  105°  to  120°  F.,  and  it  should  be  completed  in 

4  to  6  hours. 

Fresh  solutions  should  be  made  as  required,  because  long 
standing  is  detrimental. 
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The  vat  used  in  dyeing  ought  to  contain  from  2  to  8  parts 
of  indigo  per  1,000  parts  of  dye-liquor. 

For  the  puri)ose  of  "  sharpening  "  the  vat,  about  3  lbs.  zinc 
dust  and  about  9  lbs.  lime  per  450  gallons  should  be  added  to 
the  water,  before  adding  the  stock  solution.  The  quantities 
of  indigo,  etc.,  used  are  given  in  the  table.  To  the  finely- 
ground  indigo  add  the  zinc-dust  and  about  2  gallons  of  water, 
110°  to  116^  F. 

The  quicklime  is  made  into  a  uniform  paste  with  water,  and 
when  cooled  to  about  115^  F.  is  added  to  the  indigo  paste, 
tlie  whole  poured  into  a  cask,  filled  up  with  water  to  10  gallons, 
and  stirred  from  time  to  time  during  the  next  4  to  5  hours. 

A  vat  containing  100  gallons  of  liquor  has  to  be  sharpened 
occasionally  with  J  to  1  lb.  lime  and  4  to  J  lb.  zinc  dust. 

There  being  so  much  less  sediment,  the  vats  need  not  be  as 
deep  as  those  employed  in  the  copperas  process. 

The  dyed  material  has  to  be  soured  in  the  usual  manner. 

71ir  Zinc-Ume  Vat, 
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The  Hydrosulphite  Vat 

The  use  of  sodium  hydrosulphite  for  the  purpose  of  reducing 
indigo  was  first  recommended  by  Schiitzenberger  and  Lalande. 

The  hydrosulphite  used  in  this  type  of  vat  is  capable,  in  the 
presence  of  an  alkali,  of  reducing  indigo  blue  to  indigo  white, 
in  accordance  with  the  following  equation : — 

CieHioN202  +  Na^S^Oi  +  2  NaOH  =  Ci^HnN^O^  +  2  Na^SOf,. 

If  in  place  of  hydrosulphite,  either  zinc,  bisulphite  and  lime, 
or  zinc,  bisulphite  and  soda  is  used  in  the  preparation  of  the 
vat,  then  the  hydrosulphite  is  actually  formed  in  the  vat : — 

4  NuHSOb  +  Zn=  Na^S^Oi  +  Zn  SOs  +  Na^SOs  +  2  IhO. 

No  sediment  is  formed  in  the  hydrosulphite  vat,  and  it  is, 
therefore,  especially  suited  for  dyeing  piecegoods  in  continuous 
machines  and  for  the  dyeing  of  cops,  cheeses,  etc.  Excess  of 
hydrosulphite  does  not  destroy  the  indigo. 

Hydrosulphite  Solution,  as  used  in  recipe  No.  6  in  the  table 
{Manual  of  Dyeing),  may  be  prepared  in  the  following  manner  : 
10  gallons  of  bisulphite  of  soda  (52°  Tw.)  are  mixed  with  15 
gallons  cold  water  and  8  lbs.  of  zinc  powder  (made  into  a  paste 
with  a  gallon  of  water)  are  slowly  added  with  cautious  stirring. 
After  about  an  hour  2  gallons  of  milk  of  lime  (containing  10 
lbs.  of  quicklime)  are  added  to  the  mixture  and  the  whole  stirred 
for  some  time,  and  then  allowed  to  stand  for  2  to  4  hours.  It 
is  finally  filtered,  preferably  by  means  of  a  filter  press. 

In  preparing  a  vat  for  dyeing,  the  hydrosulphite  solution,  in 
a  proportion  of  1  gallon  to  500  gallons  of  water,  is  added  in 
the  first  place,  and  then,  after  standing  at  least  an  hour,  the 
required  amount  of  prepared  indigo  solution  according  to  the 
depth  of  shade  to  be  dyed. 

It  is  best  to  prepare  the  hydrosulphite  as  required,  because 
it  decomposes  when  stored  for  more  than  a  few  days.  The 
addition  of  about  1  per  cent,  of  strong  caustic  soda  lye  to  the 
hydrosulphite   solution   will   make    it   somewhat    more    stable. 

Hydrosulphites  have  been  introduced  which  are  more  stable 
than  the  ordinary  solution,  and  which  are,  therefore,  more 
convenient  to  use. 

Of    these    may    be    mentioned    Hydrosulphite    O    Hoechst, 

U.D.  u 
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Hydrosulphite  MLB  paste  and  Ihfdrosnlphite  MLB  powder. 
The  paste  is  4  times,  and  the  powder  quality  6  to  7  times,  as 
strong  as  the  0  brand.  The  Badische  Company  recommend 
the  use  of  their  Hydrosulphite  cone.  B.A.S.F.  2x)wder. 

The  Hydrosulphite-Soda  Vat. 

In  order  to  prepare  a  vat  of  200  gallons,  add  2  ozs.  hydro- 
sulphite cone.  B.A.S.P.  powder  or  2  lbs.  of  hydrosulphite 
0  Hoechst ;  stir  well,  allow  to  stand  for  a  few  hours,  when  the 
vat  should  be  ready  for  dyeing.  The  vat  exhausts  very  slowly 
if  an  excess  of  either  hydrosulphite  or  caustic  soda  is  present. 
In  preparing  the  stock  vat,  mix  the  indigo,  after  it  has  been 
finely  ground  with  water,  with  the  caustic  soda  lye ;  then 
heat  to  about  122°  P.,  and  add  the  hydrosulphite.  If  the 
solution  has  not  become  yellow  after  about  1  hour's  standing, 
add  a  small  quantity  of  hydrosulphite. 

Hie  Bisulphite 'Zinc  Soda  Vat  and  the  Bisulphite-Zinc  Lime  Vat. 

The  stock  vat  is  prepared  by  slowly  mixing  the  zinc  dust 
into  the  bisulphite,  and  allowing 'the  mixture  to  stand  for 
a  short  time.  The  indigo,  finely  ground  with  water,  or  the 
paste  brands  of  the  B.A.S.F.  and  of  M.L.B.,  are  mixed 
with  the  requisite  amount  of  caustic  soda  or  with  the  corre- 
sponding amount  of  slaked  lime,  and  this  paste  is  then  mixed 
with  the  bisulphite.  The  whole  is  heated  to  about  120°  F. ; 
reduction  should  be  complete  after  about  1  hour. 

The  dye-vat  is  prepared  with  about  1  gallon  of  bisulphite, 
57°  Tw.,  mixed  with  1  lb.  of  zinc  dust  per  100  gallons,  and 
stirred  up.  After  this  the  necessary  quantity  of  the  stock  vat, 
prepared  as  above,  is  added. 

This  type  of  vat  is  more  easily  worked  and  is  also  cheaper 
than  the  ordinary  hydrosulphite  vat.  It  is,  however,  not 
entirely  free  from  sediment. 

Beautiful  bright  shades  are  produced  by  dyeing  in  the  bi- 
sulphite-zinc lime  vat.  Being  free  from  caustic  soda,  it  can 
be  used  in  dyeing  yarn. 

Dyeing  in  the  hydrosulphite  vat  is  considerably  simplified 
if  reduced  indigo.  Indigo  MLB  Vat  11.  (Meister,  Lucius  and 
Briining),  is  used  in  i)lace  of  indigo  powder  or  paste.  The 
recipe   Ko.   9   in   the  table  is  for  a  vat  of  about  800  gallons 
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capacity.  In  addition  to  the  quantities  given,  the  vat  is 
sharpened  by  adding  1  gallon  of  Hydrosulphite  0.  The  vat 
should  be  stirred  for  a  few  minutes,  and  it  ought  to  show  a 
yellowish-olive  shade  in  transparent  light. 

A  special  vat  recommended  by  the  Hoechster  Parbwerke  is 
the  Hoechster  Hydrosulphite-Soda  Vat  The  vat  contains  only 
a  small  quantity  of  caustic  soda,  but  in  addition  to  this, 
soda  ash  is  used.  It  is  stated  that  by  using  this  vat,  heavier 
dyeings  are  obtained  than  with  the  other  types  of  vats,  that 
less  trouble  is  experienced  in  wringing  or  hydroextracting 
and  that  the  shades  produced  **rub"  less. 

The  vat  may  be  used  for  piece  dyeing,  but  is  particularly 
suited  for  the  dyeing  of  loose  cotton,  yarn  and  cops,  etc. 

Loose  cotton  is  entered  into  the  vat  without  previous  wetting 
out.  It  is  worked  for  about  20  minutes,  pressed  out,  and 
allowed  to  oxidise.  If  necessary,  the  cotton  can  be  dyed  to 
pattern  by  one  or  more  immersions  of  shorter  duration.  The 
material  is  finally  rinsed,  hydroextracted,  and  dried.  To  a  vat 
of  600  gallons  add  J  gallon  Hydrosulphite  0  Hoechst,  ^  gallon 
Turkey-red  oil  (50  per  cent.),  and  the  following  stock  vat :  60  lbs. 
Indigo  MLB  20  per  cent.  Vat  II,  20  lbs.  soda  ash,  8  gallons 
Hydrosulphite  0  Hoechst. 

A  vat  of  500  gallons  capacity  for  dyeing  cotton  yam  should 
be  prepared  with  ^  gallon  Hydrosulphite  0  Hoechst.  The 
following  stock  vat  is  then  added  :  25  lbs.  Indigo  MLB 
Vat  II  20  per  cent,  \  gallon  caustic  soda  lye,  76°  Tw.,  10  lbs. 
soda  ash,  IJ  gallons  Hydrosulphite  0.  Hoechst. 

When  dyeing  cops  or  cheeses  in  apparatus,  the  vat-liquor 
should  contain  10  lbs.  of  Indigo  MLB  Vat  II  20  per  cent^ 
per  100  gallons.  If  the  liquor  shows  a  higher  specific  gravity 
than  7°  to  9°  Tw.,  a  smaller  quantity  of  soda  should  be  added. 

Stock  vat :  25  lbs.  Indigo  MLB  Vat  II  20  per  cent,  2  pints, 
caustic  soda  lye,  76°  Tw.,  9  lbs.  soda  ash,  1  pint  Hydrosulphite 
0  Hoechst. 

Indigo  Solution,  B,A.S.F\,  20  per  cent,  is  used  in  a  similar 
manner  to  Indigo  MLB  20  per  cent.  Vat 

The  Hydrosulphite  Ammonia  Vat. 

The  Badische  Anilin  und  Soda  Fabrik  specially  recommend 
this  type  of  vat  for  dyeing  cotton  yarn  in  the  hank.      It   has 
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no  injurious  action  on  the  hands  of  the  workmen ;  it  forms  no 
sediment,  and  the  yarn  does  not  require  souring  after  dyeing. 
The  yarn  may  be  dyed  in  ordinary  dye-l)ecks. 

Preparation  of  the  Vat  for  100  Ihs.  of  Cotton  Yaim,  to  be 
dyed  a  deep  medium  blue  in  2  dips :  Dye-liquor  180  to  220 
gallons.  The  cold  dye-liquor  is  previously  "  sprung "  with 
4  ozs.  Hydrosulphite  cone.  B.A.S.F.  powder,  ^  pint  caustic  soda, 
42°  Tw.,  with  the  addition  of  1  gallon  Turkey-red  oil  F,  and 
9  lbs.  common  salt. 

One  of  the  following  stock  vats  is  prepared  and  added  : — 

(a)  24  lbs.  Indiqo  solution  B.A,S,F,  20  per  cent.,  7  gallons 
lx)iling  water,  2  pints  caustic  soda,  42°  Tw.,  2  lbs.  10  ozs.  hydro- 
sulphite  cone.  B.A.S.F.  powder,  2  pints  ammonia,  sp.  gr.  0*936 
(about  17  per  cent.). 

(h)  5J  lbs.  Indigo  pure  B.A.S.F,  powder  L,  9  gallons  boiling 
water,  IJ  gallons  caustic  soda,  42°  Tw.,  6J  ozs.  Hydrosulphite 
cone.  B.A.S.F.  powder,  2  pints  ammonia  sp.  gr.  0*936  (about 
17  per  cent). 

The  mixtures  are  allowed  to  stand  for  about  J  hour.  Dyeing 
may  be  commenced  as  soon  as  the  stock  vat  has  been  stirred 
into  the  dye-vat.  The  boiled  yarn  is  entered,  turned  several 
times  under  the  surface  of  the  liquor  (on  bent  rods),  worked 
for  20  to  30  minutes,  and  then  taken  out.  Each  hank  is  wrung 
separately,  allowed  to  oxidise,  and  is  finally  rinsed,  but  not  soured. 

The  vat  should  be  of  a  yellow  or  greenish-yellow  colour.  If 
the  colour  is  dark  green  or  blue,  it  should  be  "sprung"  with 
J  lb.  of  hydrosulphite  and  J  lb.  of  caustic  soda,  42°  Tw.,  per  200 
gallons.  The  liquor  should  always  smell  slightly  of  ammonia. 
An  addition  of  1  to  2  pints  of  ammonia  per  day  will  be  found 
sufficient  if  the  vat  is  worked  regularly.  When  strengthening 
the  vat,  J  lb.  of  common  salt  should  be  added  along  with  each 
gallon  of  stock  vat.  If  the  dye-liquor  reaches  a  specific  gravity 
of  9°  Tw.,  no  more  salt  should  be  added.  The  common  salt  added 
to  the  vat  makes  the  indigo  go  more  quickly  on  to  the  fibres ; 
thus  only  half  the  number  of  dips  which  have  to  be  given  when 
dyeing  in  other  vats  are  required.  Large  quantities  of  yarn  can 
be  dyed  at  a  time.  The  vat  is  also  suitable  for  dyeing  loose 
cotton.  The  hydrosulphite-ammonia  vat  gives  duller  blues  when 
dyed  in  light  shades,  and  less  **  coppery  *'  blues  in  heavy  shades, 
than  the  other  vats. 
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The  Fermentation  Vat. 

The  fermentation  vat  finds  only  limited  employment  in  the 
dyeing  of  cotton  goods.  It  is  more  difficult  to  manage  than  the 
other  types  of  vats,  but  the  shades  ol)tained  are  very  level.  In 
some  European  countries  and  in  the  East  the  fermentation  vat 
is  still  extensively  used. 

The  author  has  had  experience  with  this  type  of  vat  in  Sweden, 
where  it  is  employed  both  for  dyeing  blues  and  also  for  topping 
blues  dyed  in  the  ordinary  copperas  vat.  In  the  latter  instance 
the  vat  is  set  w^ith  a  very  small  amount  of  indigo. 

Shades  which  have  been  first  dyed  in  the  copperas  vat  and 
topped  in  the  fermentation  vat  are  somewhat  duller,  but  they  are 
very  level ;  they  are  faster  to  washing  and  rub  less  than  those 
dyed  in  the  copperas  vat  alone. 

The  fermentation  vat  also  imparts  to  cotton  the  peculiar  "indigo 
smell "  on  which  the  buyer  in  some  of  these  countries  insists. 

A  number  of  substances  which  contain  sugar  and  starch,  and 
which  readily  ferment  in  alkaline  solution,  such  as  flour,  bran, 
syrup,  raisins,  dates,  etc.,  are  used  in  setting  the  vat.  The  vat  is 
usually  made  of  copper,  in  the  shape  of  a  cone  ;  width,  1*4  to  1*5 
metres ;  depth,  1*8  to  1*9  metres. 

The  dyeing  is  generally  conducted  at  120°  to  140°  F.,  but  in 
some  cases  the  vats  are  not  heated. 

For  the  purpose  of  comparison  nine  different  methods  of  setting 
the  vat  are  given  in  the  table. 

Method  (1). — The  vat  is  filled  with  water,  which  is  heated  to 
about  140°  F.  The  woad  is  crushed  and  thrown  into  the  vat. 
Allow  to  stand  for  about  IJ  hours,  then  add  the  madder,  the  bran 
and  the  lime,  and  finally  the  finely-ground  indigo  and  the  potas- 
sium carbonate.  The  vat  is  now  well  stirred  and  allowed  to  rest 
for  24  to  36  hours. 

Method  (5). — The  vat  is  set  with  indigo,  bran,  soda  and 
madder.  After  fermentation  has  commenced,  slaked  lime  is 
added.     The  dyeing  is  conducted  at  120°  F. 

Method  (7). — The  working  of  the  fermentation  vat  may  be  con- 
siderably simplified  if  reduced  indigo,  i,e.  Indigo  MLB  Vat  II,  20 
2)er  cent.  (Meister,  Lucius  and  Briining)  is  used  in  place  of  ordinary 
indigo.  Such  a  vat  requires  much  smaller  quantities  of  reducing 
agents,  and  considerably  less  sediment  is  formed.    It  is,  therefore, 
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possible  to  dye  a  much  larger  quantity  of  cotton  in  a  shorter 
time,  in  this  type  of  vat.  The  vat  is  prepared  in  the  following 
manner  : — Heat  the  water  in  the  vat  to  122°  F.,  add  the  bran,  the 
flour  and  the  soda.  Fermentation  will  have  commenced  in  about 
8  to  10  hours.  Now  add  the  reduced  indigo,  sharpen  with  lime  or 
soda,  allow  to  rest  for  1  to  IJ  hours,  and  begin  with  the  dyeing. 

Indigo  may  be  added  twice  per  day.  About  half  the  quantities 
of  reducing  agents  required  to  dissolve  the  indigo  which  has  been 
oxidised  during  dyeing  in  an  ordinary  vat,  is  required  in  this  type 
of  vat. 

The  working  of  the  fermentation  vat  may  be  still  further 
simplified  if  Indigo  MLB/W  is  used  in  place  of  indigo.  It 
may  be  added  to  any  vat  during  fermentation,  and  dyeing  may 
be  commenced  after  1  to  2  hours,  or  as  soon  as  the  vat  has 
settled. 

Indigo  MLB/W  is  best  made  into  a  paste  with  old  vat 
liquor  or  with  water.  The  paste  is  added  to  the  vat,  stirred  and 
sharpened  with  10  per  cent,  (of  the  weight  of  indigo  used)  of 
lime ;  200  to  300  grms.  of  treacle  are  added  in  the  evening  to 
the  vat.  When  setting  a  new  vat,  some  of  the  sediment  from  an 
old  vat,  and  treacle,  bran,  bread,  lime,  etc.,  are  first  added  to  the 
water.  As  soon  as  the  vat  begins  to  ferment  the  indigo  is  added, 
and  the  liquor  sharpened  with  the  necessary  quantity  of  lime. 

The  following  special  indigo  derivatives  have  been  introduced 
by  the  Hoechster  Farbwerke :  Indigo  MLBjR,  MLBjRR, 
MLB  IT.  Clearer,  brighter  and  redder  shades  of  blue  are 
obtained  with  MLB/E  and  MLB/RR  as  compared  with 
Indigo  MLB.  The  three  brands  are  less  suited  for  dyeing  in 
the  copperas  vat  than  in  the  hydrosulphite  and  zinc-lime  vat. 
They  may,  however,  be  used  in  the  fermentation  vat. 

MLB/T  gives  greener  shades  than  MLB,  and  it  is  particu- 
larly suited  for  dyeing  vegetable  fibres.  The  shades  are  faster 
to  chlorine  and  to  washing  than  similar  shades  obtained  by 
dyeing  with  ordinary  indigo. 

The  method  of  application  is  the  same  as  that  given  for 
Indigo  MLB. 

The  Badische  Anilin  und  Soda  Fabrik  have  introduced  various 
brands  of  Indigo  which  differ  from  Indigo  pure. 

Indigo  G  gives  greener  shades  which  are  particularly  fast  to 
chlorine.       Indigo  RBN  is  specially   recommended  for  bright 
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reddish-blue  shades,  which  are  purer  and  faster  to  washing,  light, 
etc.,  than  ordinary  indigo. 

The  Indigo  S  brands  (with  the  exception  of  Indigo  SB  paste) 
are  particularly  useful  for  dyeing  in  the  fermentation  vat. 

The  fastness  of  indigo  may  be  improved  by  an  after-treat- 
ment with  a  solution  of  copper  sulphate  and  acetic  acid,  and  it 
has  already  been  stated  that  glue  may  be  used  for  the  same 
purpose. 

Mercerised  cotton  shows  a  greater  affinity  for  indigo  than 
ordinary  cotton.  In  order  to  save  indigo,  G.  Tagliani  has  suggested 
the  printing  of  thickened  caustic  soda  lye  of  52°  to  64°  Tw.,on  one 
side  of  the  cloth.  The  mercerised  side  dyes  a  much  darker  shade 
in  the  indigo  vat  than  the  other  side.  A  similar  effect  can  be 
produced  by  stretching  two  pieces  back  to  back  on  the  dipping 
frame  and  by  dyeing  them  in  the  dipping  vat. 

A  number  of  the  direct  dyeing  cotton  dyestuffs  and  of  the 
sulphur   dyestuffs   may  be   employed  as   a  bottom   for    indigo. 

Indigo  blue  dyed  cotton  is  also  sometimes  topped,  especially 
with  the  basic  cotton  dyestuffs.  For  this  purpose  the  goods,  after 
having  been  dyed  in  the  vat,  are  mordanted  with  tannin,  which 
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is  fixed  with  an  antimony  salt.  They  are  finally  dyed  with  the 
basic  dyestufif  in  the  ordinary  manner. 

Very  reddish  shades,  which,  however,  are  not  fast  to  washing, 
may  be  obtained  by  steaming,  after  dyeing  with  indigo. 

In  order  to  produce  dull  shades  of  blue,  the  Hoechster  Farb- 
werke  recommend  passing  the  goods,  before  dyeing  in  the  vat, 
through  a  solution  containing  1  to  IJ  lbs.  of  starch  per  100 
gallons  of  water.  • 

Very  heavy  indigo  blue  shades  are  obtained  by  dyeing  the 
cotton  first  with  a  very  weak  Aniline  black.  The  following  is  a 
method  which  has  been  largely  used  in  practice  ; — 

For  100  lbs.  of  Cotton  Yam,  The  boiled  yarn  is  worked  for 
1  hour  at  100°  F.,  in  a  bath  containing  3  lbs.  S^  ozs.  aniline  salt, 
8  lbs.  8^ozs.  sodium  bichromate,  and  7  lbs.  hydrochloric  acid. 

The  yarn  is  well  wrung  and  treated  in  a  fresh  bath  for  J  hour, 
at  100°  F.,  with  1  lb.  4  ozs.  soda  ash.  Then  rinse  twice,  wring 
well,  or  hydroextract.  The  yarn  is  now  ready  for  dyeing  in  the 
indigo  vat.  Very  heavy  **  coppery  "  blues  are  obtained  by  this 
method  with  a  comparatively  small  amount  of  indigo. 

In  place  of  Aniline  black,  a  light  shade  of  manganese  bronze 
may  also  be  used  as  a  bottom  for  indigo. 

Indophenol  (DH),  can  be  reduced  like  indigo  and  dyed  from  a 
vat.  The  Author  has  had  experience  with  copperas  vats  in  which 
ten  parts  of  indigo  were  used  along  with  one  part  of  Indophenol. 
It  was  found  that  the  shades,  when  leaving  the  vat,  were  superior 
to  those  obtained  with  indigo  alone,  but  the  loss  in  depth  and 
richness  during  the  subsequent  process  of  souring  was  much 
greater. 

Further,  the  indigo-indophenol  vats  could  not  be  as  readily 
exhausted  as  pure  indigo  vats. 

The  Indanthrenb  Dyestuffs. 

The  Indunthrene  Dyestuffs  of  the  Badische  Anilin  und  Soda 
Fabrik  are  dyed  on  cotton  yarn  in  the  following  manner. 
The  yarn  is  boiled  out  with  soda  ash,  with  or  without  the 
addition  of  Turkey-red  oil.  For  dyeing  lOOlbs.  of  yarn  fill 
the  dye-vessel  with  about  225  gallons  of  water,  then  add 
4^  gallons  of  caustic  soda  lye  63°  Tw.,  heat  to  140°  F  (when 
dyeing  Indanthrene  Blue  GC,  GCD,  ItC,  heat  to  122°  F.),  skim 
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off  any  precipitate  which  may  have  formed,  add  the  necessary 
quantity  of  hydrosiilphite  (either  in  powder  form  or  previously 
dissolved  in  about  ten  times  its  weight  of  cold  water)  and  finally 
add  through  a  sieve  the  dyestuff  which  has  been  made  into  a  thin 
paste  with  5  to  10  times  its  weight  of  hot  water.  Allow  the  vat  to 
rest  until  the  dyestuff  has  been  completely  dissolved.  Pale  shades 
should  be  dyed  at  104°  F.  In  order  to  obtain  level  shades  it  is 
advisable  to  use  bent  sticks  similar  to  those  used  in  dyeing  the 
sulphur  dyestuffs,  but  in  place  of  the  iron  gas  piping  usually 
employed,  sockets  of  iron  into  which  an  ordinary  wooden  dye 
stick  is  fitted  are  recommended.  The  thoroughly  wetted  out  yarn 
is  entered  into  the  vat,  quickly  turned  4  times,  the  dye-bath  is 
then  heated  during  15  minutes  to  140°  F.  or  122°  F.  respectively. 
During  this  time  the  yarn  should  be  turned  constantly.  Finish 
by  working  for  15  minutes  at  this  temperature. 

Dark  shades  are  dyed  by  entering  the  yarn  into  the  hot 
vat  (140°  or  122°  F.)  and  turning  for  J  to  1  hour  as  usual.  The 
yarn  is  then  lifted  out,  allowed  to  drain,  rinsed  in  a  bath  contain- 
ing 2  ozs.  of  hydrosulphite  cone.  B.A.S.F.  powder,  per  100  gallons, 
rinsed  twice,  given  8  or  4  turns  in  a  bath  containing  1  to  IJ 
pints  of  sulphuric  acid  per  100  gallons  of  water,  rinsed  and  finally 
soaped  warm  or  at  the  boil. 

When  preparing  a  fresh  vat,  2  gallons  of  caustic  soda  lye, 
53°  Tw.,  should  be  added  per  100  gallons  of  liquor,  and  the 
amount  of  hydrosulphite  should  be  Jth  of  that  of  the  dyestuff 
used.  In  no  case  must  it  be  less  than  1  lb.  nor  more  than  4  lbs., 
per  100  gallons  of  liquor. 

A  hydrosulphite  solution  which  will  keep  for  some  time  may 
be  prepared  by  slowly  adding  10  lbs.  of  hydrosulphite  cone. 
B.A.S.F.  powder  into  7^  gallons  of  cold  water.  As  soon  as  dis- 
solved add  3f  pints  caustic  soda  lye  58°  Tw\ 

From  J  to  60  per  cent,  of  the  ordinary  paste  colours,  calcu- 
lated on  the  weight  of  cotton  to  be  dyed,  is  used,  whilst  when 
employing  the  powder  brands  from  10  to  12J  per  cent,  will 
be  sutficient  for  heavy  shades. 

The  dye-bath  is  usually  not  exhausted  when  dyeing  heavy 
shades.  It  may  be  used  repeatedly,  but  j^  to  ^  of  the  caustic 
soda  originally  used  should  be  added  first,  and  afterwards  the 
necessary  quantity  of  hydrosulphite  and  dyestuff. 

Dissolving  of  the  powder  brands  : — Stir  up  1  part  of  dyestuff 
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with  §  parts  of  caustic  soda  lye  53°  Tw.,  and  with  the  necessary 
quantity  of  hydrosulphite.  Allow  to  stand  for  15  minutes,  dilute 
with  20  times  the  amount  of  water  at  140°  F.  (or  120°  F.).  The 
remainder  of  the  caustic  soda  and  of  the  hydrosulphite  is  added 
to  the  dye-bath,  and  the  stock  vat  is  ultimately  introduced  through 
a  sieve. 

Shades  dyed  with  some  of  the  Indanthrene  dyes  tuffs  are 
brightened  by  soaping  at  140°  F.,  with  3  to  5  lbs.  of  soap  per 
100  gallons  of  water. 

The  fastness  to  chlorine  of  Indanthrene  Blue  RS  is  con- 
siderably improved  by  steaming  the  yarn  after  soaping,  and 
before  rinsing,  for  2  to  3  hours  at  a  pressure  of  15  lbs. 

Cotton  piecegoods  may  be  dyed  in  an  under-water  jif/ger,  see 
Fig.  63.  For  dyeing  65  lbs.  of  cloth,  90  gallons  of  water 
and  IJ  to  2J  gallons  of  caustic  soda  lye  53°  Tw.,  are  required. 
The  goods  are  dyed  for  1  to  1 J  hours  at  122°  to  140°  F.,  with  the 
addition  of  the  necessary  amount  of  hydrosulphite.  After  dyeing 
rinse  in  a  bath  containing  2 J  ozs.  of  hydrosulphite  powder  per 
100  gallons  of  liquor,  wash  free  from  soda,  sour  with  1  to  2  pints 
of  sulphuric  acid,  per  100  gallons  of  water,  rinse,  and  soap  at  the 
boil. 

The  fastness  of  shades  dyed  with  Indanthrene  Yellow  can 
be  considerably  improved  by  soaping  at  the  boil  for  J  hour  or 
by  steaming. 

In  order  to  oxidise  the  dyestuff  more  rapidly  after  dyeing, 
5  to  8  ozs. of  potassium  bichromate  should  be  added  per  100  gallons 
of  souring  liquor.  This  aids  in  producing  more  level  shades, 
and  it  also  increases  the  fastness  of  the  shades  to  soap. 

Piecegoods  may  also  be  dyed  by  padding  with  the  paste 
colours.  The  powder  brands  cannot  be  used  for  this  purpose. 
The  pieces  are  dried  or  batched  after  padding. 

Preparation  of  the  padding  liquor : — 1  to  20  lbs.  of  the 
dyestuff  paste  are  carefully  mixed  with  12J  to  15  lbs.  of  gum- 
thickening  (1 : 1)  and  made  up  with  water  to  10  gallons. 
Filter  through  a  cotton  cloth,  pad  and  develop  for  J  to  f  hour 
in  an  ordinary  jigger,  nearly  filled  with  water,  containing  2J 
gallons  caustic  soda  lye  53°  Tw.,  and  1^  to  1 J  lbs.  hydrosulphite 
powder  per  100  gallons  of  water.  The  goods  are  finally  given  two 
ends  in  water  containing  3  ozs.  hydrosulphite  powder  per 
100  gallons,  rinsed,  soured  with  1  to  2  pints  of  sulphuric  acid. 
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168°  Tw.,  per  100  gallons,  thoroughly  rinsed  and  soaped  at  the 
boil. 

The  Indanthrene  dyestuflfs  may  also  be  dyed  in  the  dipjnnfj 
vat.  For  this  purpose  the  goods  are  well  boiled,  dried, 
stretched  on  the  dipping  frame  and  immersed  into  the  well  stirred 
vat  at  160°  to  180°  P.  for  10  to  20  minutes.  The  frame  is  then 
raised  and  placed  into  water  without  delay.  After  the  goods 
have  been  slightly  rinsed,  they  are  removed  from  the  frame  and 
soured  with  J  gallon  sulphuric  acid  per  100  gallons  of  water, 
rinsed  and  soaped  at  the  boil.  Deep  shades  may  be  produced  by 
giving  several  dips. 

The  stock  vat  is  prepared  in  the  following  manner: — Mix 
10  lbs.  Indanthrene  Blue  RS  paste  with  2  gallons  caustic  soda  lye 
53°  Tw.,  and  then  add,  whilst  stirring  well,  solutions  of  6  lbs. 
10  ozs.  copperas  in  IJ  gallons  water,  and  1 J  lbs.  tin  crystals  in 
2  pints  of  water.  Stir  up  well  and  allow  to  stand  for  J  hour.  Heat 
the  dye-bath  to  160°  to  180°  F.,  add  the  caustic  soda  lye  and  the 
required  quantity  of  stock  vat.   The  following  quantities  are  used. 

Indanthrene  Blue  ES,  per 

10  gallons      ...       I  lb.  1  lb.  1^  lbs. 

Water       ....  92J  gallons  91  gallons  89^  gallons 

Caustic  soda  58°  Tw.         .     5    gallons  4  gallons  8    gallons 

Stock  vat          .        .         •     2|  gallons  5  gallons  7^  gallons 

Some  of  the  Indanthrene  dyestuflfs  and  A  nthrafiavone  G  jmsie, 
may  be  dyed  with  the  addition  of  caustic  soda,  hydrosulphite, 
and  Glauber's  salt. 

The  goods  are  dyed  for  i  to  1  hour  at  104°  to  122°  F.,  rinsed 
in  a  bath  containing  1 J  to  2  ozs.  Hydrosulphite  cone.  B.A.S.F. 
powder  per  100  gallons  of  water,  soured  with  1  pint  sulphuric 
acid  per  100  gallons  water,  rinsed  and  soaped  at  the  boil. 

For  100  lbs.  of  cotton  yarn : — 830  gallons  water,  18  pints  caustic 
soda  lye,  58°  Tw.,  20  to  50  lbs.  Glauber's  salt,  8i  to  7J  lbs. 
Hydrosulphite  powder.  Then  make  5  to  80  lbs.  of  the  dyestuflf 
into  a  paste  with  about  10  times  its  weight  of  hot  or  cold  water, 
and  add  it  through  a  fine  sieve  to  the  vat. 

The  Algols  Dyestuffs. 

Algole  Blue  CF  paste,  SG  paste,  Algole  Green  B  paste,  Leucole 
Dark  Green  B  paste  of  the  Bayer  Company,  are  dyed  at  100°  to 
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140°  F.,  with  the  addition  of  hydrosulphite  and  caustic  soda,  the 
quantities  of  which  are  calculated  both  on  the  volume  of  liquor 
and  the  quantity  of  dyestuff  used. 
Per  100  gallons  of  liquor : — 

1  to  10  per  cent.  11  to  20  per  cent,  shades 

shades.  and  heavier. 

Caustic  soda  53°  Tw.  .     IJ  gallons  2  gallons 

Hydrosulphite  27°  Tw.    2     gallons  3—4  gallons 

Heat  the  dye-liquor  to  100"^  to  120°  F.,  add  the  caustic  soda 
and  then  the  hydrosulphite  solution.  After  this,  the  dyestufif 
which  has  been  stirred  up  with  a  little  water  is  added  through 
a  sieve.  The  liquor  is  then  well  stirred  until  the  dyestuff  has 
been  completely  dissolved. 

The  thoroughly  wetted  out  yarn  is  entered  and  worked  for  10 
minutes  at  120°  F.  The  temperature  of  the  dye-bath  is  raised  to 
140°  F.,  in  about  10  to  15  minutes  and  the  yarn  is  worked  at 
this  temperature  for  i  to  f  hour. 

Algole  Blue  SO  paste  should  be  dyed  at  a  temperature  of  100° 
to  120°  F. 

After  dyeing,  the  yarn  is  squeezed  and  immediately  rinsed  in  a 
bath  containing  IJ  to  8J  gills  of  hydrosulphite  solution,  27°  Tw. 

The  yarn  has  finally  to  be  soured,  thoroughly  rinsed  and 
soaped  either  warm  or  at  the  boil. 

In  order  to  obtain  clear  shades  the  souring  bath  should  be 
prepared  in  the  following  manner : — For  Algole  Blue  SG  paste 
use  1  gallon,  for  all  the  other  AUjole  and  Leucole  Dyestuffs, 
IJ  gills  of  sulphuric  acid  169°  Tw.  per  100  gallons  of  water. 

Algole  Blue  CF  paste,  Leucole  Dark  Green  B  paste  and  Leucole 
Brown  B  paste  may  also  be  dyed  with  the  addition  of  caustic 
soda,  and  dextrine  or  glucose. 

For  the  dyeing  of  Alizanne  Indigo  paste  or  powdery  the  follow- 
ing method  is  recommended :  In  order  to  dissolve  the  dyestuff,  mix 
2  lbs.  Alizarine  Indigo  powder,  or  10  lbs.  Alizarine  Indigo  paste, 
into  a  paste  with  2§  to  4  pints  glue  solution  (1 : 5),  until  the  dye- 
stuff  is  thoroughly  wetted  out.  Whilst  stirring  well  add  3J  pints 
caustic  soda  lye  52°  Tw.,  and  5  gallons  of  water  at  120°  to  140°  F., 
and  finally  sprinkle  in  little  by  little,  3  lbs.  Hydrosulphite  B.A.S.F. 
cone,  powder.  After  about  20  minutes  stirring  the  dyestuff  will 
be  dissolved  and  the  dye-bath  should  then  be  of  a  yellowish  colour. 
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The  dye-vat  is  prepared  in  the  following  manner : — Add  4  ozs. 
Hydrosulphite  cone.  B.A.S.F.  powder  and  ^^  pint  caustic  soda  lye 
52°  Tw.,  to  200  gallons  of  water  at  160°  F.  After  this  the 
dyestuff  solution  is  added,  and  if  a  slight  residue  is  left  stir  up 
with  glue  solution  and  rinse  out  with  dye-liquor. 

Enter  the  material  at  160°  F.,  and  work,  immersed  in  the 
liquor,  without  steam,  for  f  to  1  hour.  After  dyeing  wring  or 
squeeze,  in  the  case  of  yarn  shake  well  on  the  wringing  post,  expose 
to  the  air  for  ^  hour,  rinse  and  soap  in  a  strong  soap  bath  at  the 
boil. 

The  other  Algole  dyestuffs  are  applied  in  the  following 
manner. 

Dissolving  of  the  Dyestuff. — Mix  the  dyestufiE  with  warm  water, 
add  the  quantities  of  caustic  soda  and  hydrosulphite  required  for 
the  preparation  of  the  vat,  stir  and  allow  to  stand  for  a  short 
time  until  the  solution  becomes  clear.  Algole  Grey  should  be 
stirred  up  with  cold  water. 

Two  or  more  dyestuffs,  if  used  in  combination,  should  be 
dissolved  together. 

Preparation  of  the  Vat, — It  may  be  advisable,  for  light  shades 
especially,  to  add  per  100  gallons  of  liquor  \  gill  to -j^  gill  caustic 
soda  52°  Tw.,  and  2  ozs.  Hydrosulphite  cone,  powder. 

The  Glaubers  salt  should  be  previously  dissolved  in  the 
liquor  and  the  dyestuff  solution  should  be  added  through 
a  sieve.  The  quantities  of  dyestuff  (per  cent.),  and  of  caustic 
soda,  hydrosulphite  and  Glauber's  salt  required  to  prepare  100 
gallons  of  dye-liquor  are  given  in  the  table  on  p.  303. 

The  proportion  of  dye-liquor  to  cotton  should  be  20 : 1.  Yarn 
is  dyed  for  f  to  1  hour  at  the  usual  temperature,  either  on  straight 
or  bent  sticks.  After  dyeing  wring,  expose  to  the  air  for  J  to 
J  hour,  rinse,  sour  with  1 J  to  3^  gills  sulphuric  acid  168°  Tw., 
per  100  gallons  of  liquor,  rinse  and  soap. 

The  clearest  shades  with  Algole  Scarlet  G  and  Algole  Pink  R 
are  produced  if  the  yarn,  after  having  been  levelled  on  the  post, 
is  immediately  rinsed  and  the  soda  neutralised  with  acid,  rinsed 
and  ultimately  soaped  at  120°  F.  All  the  other  Algole  dyestuffs 
are  soaped  at  the  boil.  Algole  Red  R  extra  should  be  soaped 
very  strongly  in  order  to  obtain  a  clear  shade. 

Broiiie  Indigo  FB  paste. — Dissolving  of  the  dyestuff : — Stir  up 
1  lb.  of  dyestuff  paste  with  1  gallon  hot  water.    To  this  add  10  ozs. 
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Dyt'stufT  11.18  te. 
Per  cent. 

Caustic  Hoda 
6-J-  Tw. 
GallonH. 

1  Hydrosulphite 
cone,  powder. 

Lb8. 

Olauber'8  salt. 
Lbs. 

(  2 

0-2 

3 

20 

Algole  Yellow  3  G,  11        .   ■ 

5 

0-2 

3 

40 

10 

0-28 

3-6 

60 

(   2 

0-4 

3 

20 

Algole  Oranpfc  R       . 

!    0 

0-4 

3 

40 

• 

[12 

05 

4 

60 

A  Igole  Red  5  G  and  Algole 
Scarlet  G       . 

3 

9 

20 

0-45 
0-58 
0-7 

3 

3-6 

4 

30 

60 

120 

f   0-5 

0-2 

3 

30 

Algole  Pink  R  . 

2 

0-25 

3 

60 

8 

0-33 

3-6 

120 

f   2 

055 

3 

20 

Algole  Red  B    . 

6 

0-58 

3-6 

40 

12 

0-69 

4-8 

60 

1-5 

0-25 

3 

20 

Algole  Red  R  extra  . 

4 

0-28 

3 

40 

,10 

0-4 

4 

80 

5 

0-35 

3 

30 

Algole  Bordeaux  3  B 

12-5 

0-48 

3-6 

80 

25 

0-64 

4-8 

120 

Algole  Grey  B  . 

5 

0-25 

3 

40 

10 

0-38 

3-6 

60 

I 

20 

0-59 

4-8 

100 

caustic  soda  lye  52°  Tw.,  and  then  7x%  ozs.  hydrosulphite,  27°  Tw. 
Stir  slowly  until  the  solution  is  a  clear  golden  yellow. 

The  dye- vat : — In  order  to  keep  the  dye-vat  in  a  good  condition, 
especially  when  dyeing  light  shades,  the  addition  of  3J  gills  of 
hydrosulphite  and  IJ  gills  of  caustic  soda  52°  Tw.,  may  be 
found  necessary.  During  dyeing  the  liquor  in  the  vat  must 
always  be  of  a  clear  golden-yellowish  shade.  If  the  shade 
flattens,  hydrosulphite  and  a  small  quantity  of  caustic  soda 
should  be  added. 

Cotton  yarn  should  be  dyed  at  120°  to  140°  F.,  on  bent  sticks, 
for  J  to  1  hour.  When  dyeing  light  shades  enter  the  yarn  at  a 
lower  temperature  and  raise  gradually  to  120°  to  140°  F.  Imme- 
diately after  dyeing  squeeze,  level  and  allow  to  oxidise  by  expo- 
sure to  air. 

According  to  another  method  the  yarn  is  only  slightly 
rinsed  after  dyeing,  then  exposed  to  the  air  for  J  hour,  soured 
in  a  hot  bath  containing  IJ  gills  of  sulphuric  acid  per  100 
gallons  of  liquor,  subsequently  thoroughly  rinsed  and  soaped 
near  the  boil. 
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The  Thio  Indigo  Dyestuffs. 

The  Thio  Indigo  Dyestuffs  of  Kalle  &  Co.,  are  dyed  according 
to  the  methods  used  for  dyeing  indigo.  For  the  purpose  of 
transforming  these  dyestuffs  into  their  leuco-derivatives  the 
hydrosulphite  vat  is  best  suited.  A  stock  vat  is  prepared  by 
mixing  the  dyestuff  with  water,  caustic  soda  lye,  hydrosulphite, 
and,  if  necessary,  some  Monopole-hrilliant-oil  or  Puropol.  Some 
of  the  dyestuffs  are  reduced  at  ordinary  temperature,  whilst  others 
require  heating  to  about  70°  C. 

The  stock  dye-vat  is  prepared  in  the  following  manner : — 
Mix  50  kilos.  Thio  Indujo  Red  B  paste  with  200  litres  water. 
Then  add  250  litres  hydrosulphite,  25°  Tw.,  heat  to  95°  to  104°  F., 
and  after  stirring  for  J  hour  add  10  litres  caustic  soda  lye 
76*6°  Tw.,  or  15  kilos,  soda  ash,  dissolved  in  100  litres 
water.  Stir  until  the  dyestuff  is  completely  reduced,  when  the 
solution  will  be  of  a  yellow  colour,  and  make  up  with  water  to 
1,000  litres. 

A  dye- vat  of  1,000  litres  is  prepared  in  the  following  manner  : — 
To  800  litres  of  water  of  68°  to  75°  F.,  add  3  to  5  litres  hydro- 
sulphite, 25°  Tw.,  stir  and  add  200  litres  of  the  stock  vat.  Stir 
gently,  allow  to  stand  for  about  J  hour,  when  the  vat  should  be 
in  condition  for  dyeing.  During  continuous  dyeing,  the  neces- 
sary quantity  of  stock  vat  and  hydrosulphite  must  be  added 
from  time  to  time. 

Preparation  of  the  Hydrosulphite . — Dilute  100  litres,  or  135 
kilos.,  of  bisulphite  71*4°  Tw.,  with  60  litres  water;  slowly  stir 
into  this  13*5  kilos,  zinc  dust  which  has  been  previously  made 
into  a  paste  with  15  litres  water.  The  temperature  should  be 
kept  below  86°  F.  Allow  to  stand  for  2  hours.  Mix  into  the 
clear  solution  50  litres  milk  of  lime,  20  per  cent.,  allow  to  stand 
for  6  to  12  hours  and  decant  the  clear  liquor,  which  should  be 
25°  to  26°  Tw. 

Thio  Indigo  Red  B  may  also  be  dyed  in  the  copperas  vat. 

Preparation  of  the  Stock  Vat. — Stir  50  kilos,  dyestuff  with  200 
litres  water,  add  50  kilos,  copperas  dissolved  in  200  litres  water 
and  300  kilos,  milk  of  lime,  20  per  cent.,  and  200  litres  water, 
make  up  to  1,000  litres.  Stir  until  solution  is  complete.  A  dye- 
vat  of  1,000  litres  is  prepared  by  mixing  200  litres  of  the  stirred- 
up  stock  vat  with  800  litres  of  water,  68°  to  75*2°  F. 
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Thio  Indigo  Red  may  also  be  used  according  to  the  methods 
employed  for  dyeing  the  sulphur  dyestuffs. 

Useful  shades  may  be  obtained  by  using  Thio  Indigo  Red  B 
together  with  indigo.  Stock  vats  are  prepared  by  mixing  50  kilos. 
Thio  IndUfo  lied  B  or  50  kilos.  Indigo  paste  20  per  cent,  with 
100  litres  water.  To  this  are  added  12'5  litres  caustic  soda  lye 
40°  B6.,  and  gradually  10  kilos,  hydrosulphite  powder.  The 
whole  is  heated  to  50°  to  60°  C,  until  solution  has  taken  place 
and  made  up  with  water  to  1,000  litres. 

A  dye-vat  of  1,000  litres  is  prepared  in  the  following 
manner  : — 960  litres  water,  20°  to  25°  C,  20  kilos,  common  salt, 
100  to  150  grms.  hydrosulphite  powder,  50  to  75  c.c.  caustic 
soda  lye  40°B6.  Stir  and  add  after  J  to  1  hour  20  litres  of  the 
stock  vats  in  the  proportion  required. 

Thio  Indigo  Scarlet  R  in  paste  is  dyed  according  to  the  method 
given  for  Thio  Indigo  Red. 

The  following  directions  are  given  for  dyeing  Thio  Indigo 
Scarlet  26f  paste  and  I'hio  Indigo  Red  B  paste  on  cotton  yarn : — 
10  lbs.  of  the  dyestuff  are  mixed  with  2  pints  of  caustic  soda 
lye  76*6°  Tw.,  and  28  pints  of  cold  water ;  2  lbs.  hydrosulphite 
powder  are  gradually  added.  During  the  first  hour  the  liquor 
is  stirred  several  times,  then  allowed  to  stand  for  4  to  5  hours  or 
overnight,  and  made  up  with  water  to  1,000  litres.  The  reduction 
is  completed  more  quickly  if  the  liquor  is  heated  to  122°  F. 

Preparation  of  a  dye-vat  of  100  gallons, — Add  If  to  2J  ozs. 
hydrosulphite  and  J  to  J  gill  caustic  soda  lye  76*6°  Tw.,  to  about 
90  gallons  of  cold  water.  Stir  up,  and  after  J  to  1  hour  add  the 
necessary  quantity  of  stock  vat  which  has  previously  been  well 
stirred  up.  Stir  gently  but  thoroughly,  allow  to  stand  for  a  short 
time,  and  commence  the  dyeing  operation.  The  dyestuff  exhausts 
more  rapidly  if  an  addition  of  20  to  40  lbs.  of  common  salt,  or 
Glauber's  salt  is  made  to  100  gallons  of  dye-liquor.  After  dyeing 
squeeze  or  wring  and  expose  to  the  air,  finally  rinse  and  soap 
at  the  boil. 

When  small  quantities  of  yarn  have  to  be  dyed,  the  prepara- 
tion of  a  stock  vat  can  be  dispensed  with,  and  the  dyestuflf  may 
be  reduced  in  the  dye-vat  itself.  If  weak  vats  are  used  which 
contain  less  than  5  lbs.  of  dyestuff  per  100  gallons,  the  quantity 
of  hydrosulphite  and  of  caustic  soda  lye  added  should  not  be 
less  than  that  used  for  a  vat  containing  5  lbs.  of  dyestuff  per 
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100  gallons.  Heat  the  water  in  the  vat  to  122°  F.,  then 
add  the  necessary  quantities  of  caustic  soda  lye  and  of  hydro- 
sulphite,  stir  gently  and  add  the  dyestuflf  which  has  been 
previously  well  mixed  with  water.  Stir  up  and  allow  to  stand 
until  reduction  is  complete.  The  vat  must  be  clear  and  of  a 
deep  violet  colour.  However  small  the  quantity  of  dyestuff  used, 
100  gallons  of  the  dye  liquor  must  contain  not  less  than 
4^  gills  caustic  soda  lye  and  1  lb.  hydrosulphite. 

DyestuflFs  in  powder  form  may  be  used  in  place  of  the  pastes. 
The  powder  should  be  moistened  with  alcohol  or  with  Turkey -red 
oil,  and  then  carefully  made  into  a  paste  with  5  times  its  weight 
of  water. 

The  Ciba  and  Cibanonb  Dyestuffs. 

The  Society  of  Chemical  Industry  (Basle)  gives  the  following 
instructions  as  regards  the  application  of  the  Ciba  and  Cibanone 
Dyestuffs. 

The  Ciba  Dyestuffs  belong  to  the  Indigo  and  Thio-Indigo, 
the  Cibanone  Dyestuffs  to  the  Anthraquinone  sei-ies.  The  two 
classes  of  dyestuffs  may  be  used  in  combination,  but  the  stock 
vats  should  be  prepared  separately.  Special  care  must  be  exercised 
in  order  to  obtain  level  dyeings,  because  the  affinity  of  the 
different  dyestuffs  for  the  cotton  fibre  is  not  the  same.  For 
the  purpose  of  dissolving  the  Ciba  dyestuffs,  1  lb.  of  the  dyestuff 
is  made  into  a  paste  with  If  lbs.  of  caustic  soda  lye  66°  Tw., 
and  a  small  quantity  of  hot  water.  If  lbs.  of  caustic  soda  lye 
66°  Tw.  is  mixed  with  IJ  gallons  of  cold  water,  and  to  this  is 
slowly  added,  with  constant  stirring,  3^  lbs.  hydrosulphite 
powder  (80  to  85  per  cent.).  This  solution  is  added  to  the 
dyestuff  paste  along  with  about  4  gallons  of  hot  water,  per 
pound  of  dyestuff,  and  the  temperature  is  then  slowly  raised  to 
boiling  point.  Ciba  Red  G  should  be  reduced  at  140°  to  160°  F., 
Ciba  Scarlet  G  at  100°  to  120°  F.  They  should  then  be  boiled. 
The  addition  of  J  lb.  of  alkaline  Turkey-red  oil  or  Monopole 
soap  per  100  gallons  of  liquor  is  recommended  in  order  to 
obtain  better  penetration.  The  material  should  be  well 
squeezed  or  wrung  after  dyeing,  and  allowed  to  oxidise  in  the 
air  for  15  to  80  minutes,  rinsed  thoroughly  and  developed  by 
soaping  at  the  boil  for  ^  hour  with  2  to  4  lbs.  of  soap,  and 
1  to  2  lbs.  of  soda  ash  per  100  gallons  of  liquor. 
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Ciha  Red  and  Ciha  Scarlet  may  be  developed  in  a  cold  solution 
of  bleaching  powder  of  0'7  to  1*4°  Tw.  The  material  is  then 
rinsed  and  passed  through  a  weak  solution  of  sodium  bisulphite. 
Cops,  cheeses,  etc.,  which  have  been  dyed  in  special  apparatus 
should  be  treated  for  J  hour  at  175°  F.  in  a  bath  containing  J  to 
3  per  cent,  of  bichrome  and  J  to  2  per  cent,  of  acetic  acid  (calcu- 
lated on  the  weight  of  material)  and  afterwards  thoroughly  rinsed. 


Additions   which    have    to    be   made   to    the   dye-hath  for  dyeing 

heavy  shades  with  the  Ciha  Dyestuffs, 

(For  1  Part  of  DyeetufiP.) 


Sodium 
hydro- 
sulphite 
powder. 

Caugtic 

Ciba  Dyestuff. 

soda  lye, 
66°  Tw. 

Per  100  gallons  of  liquor. 

Tpmperature,''F. 

Blue  2  B,  Green  G, 

2 

2 

\  lb.  alkaline  Turkey- 

140—160 

Violet  B,  R 

red  oil  or  Monopole 
soap 

Bordeaux  B,  Helio- 

2 

2 

\  lb.  alkaline  Turkey- 

100-120 

trope  B 

red  oil  or  Monopole 
soap. 

RodG 

2 

2 

i  lb.  alkaline  Turkey- 
red  oil  or  Monopole 
soap,    and    40    lbs. 
each  of  glucose  and 
common  salt 

100—120 

Scarlet  G 

2 

2 

J   lb.  Turkey-red  oil 
and  30  lbs.  common 
salt 

100     120 

The  stock  vat  for  Ciha  Bordeaux  must  be  boiled,  that  for  Ciha 
Red  heated  to  140°  to  160°  F.,  and  for  Ciha  Scarlet  to  100''  to 
120°  F. 

The  following  method  is  recommended  for  dyeing  100  lbs.  of 
cotton  yarn  with  the  Cibanone  Dyestuffs  in  powder: — Dye- 
liquor,  200  gallons.  2  lbs.  of  the  powder  are  made  into  a 
paste  with  22  lbs.  of  caustic  soda  lye,  66°  Tw.,  and  5 J  gallons  of 
hot  water,  and  then  mixed  with  2  lbs.  sodium  hydrosulphite 
powder  (80  to  85  per  cent.).  The  mixture  is  slowly  heated  to 
140°  F.,  and  allowed  to  stand  for  15  to  30  minutes.  (For  dye- 
stuflfs  in  paste  form  only  one- tenth  of  the  quantity  of  hydro- 
sulphite  given  above  will  be  required.)  Heat  the  dye-bath  to 
140°  F.,  add  22  lbs.  caustic  soda  lye,  66°  Tw.,  2  lbs,  hydrosulphite 
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and  20  lbs.  common  salt.  The  solation  of  the  dvestuif  is  then 
slowly  added  through  a  sieve.  The  goods  should  be  immersed 
in  tlie  dye-vat  at  140^  F.  for  45  minutes,  wrung,  exposed  to 
the  air  for  ^  hour,  rinsed  and  soaped. 

Cibanone  Yellow  and  Orange  may  be  developed  with  bleaching 
powder  solution  like  Ciba  Red. 

The  Helindone  Dyestuffs. 

The  following  instructions  are  given  for  dyeing  the  Helindone 
Di/estuffs  of  Meister,  Lucius  and  Briining : — Hard  water  should 
be  corrected  by  adding  8  to  5  ozs.  of  Solvay  soda  and  8  ozs. 
of  hydrosulphite  cone,  powder,  to  every  100  gallons  of 
water.  Allow  to  settle  and  use  the  clear  water.  The  stock 
vats  are  prepared  by  making  the  dyestuff  (1  part)  into  a  paste 
with  warm  or  cold  water  (20  to  50  parts),  then  adding  caustic 
soda  lye,  76°  Tw.  (2  to  10  parts),  and  Turkone  oil  N  (J  to 
2  parts).  The  hydrosulphite  cone,  powder  (1  to  4  parts)  is  then 
added  gradually,  while  stirring  constantly.  The  vat  is  best 
prepared  at  a  temperature  of  100°  to  140°  F.,  and  it  should 
be  ready  for  use  in  from  16  to  80  minutes. 

In  the  following  table  the  quantities  (parts)  required  to  reduce 
10  parts  of  the  paste  dyestuff  are  given : — 


Helindone 

^ 

4 

at 

li 
%% 

i^ 

-ature 
iction. 

• 

Temperature 
of  «lye-vat. 

Uyestuff. 

1 

.an 

-4^  a 

ee 

^ 

S.io 

(l)aDte). 

^ 

r 

1 

£•5 

Hydn 
cone. 

H5 

Yellow  8  G,  N  . 

40 

7 

4 

60-100 

60-80 

OraDge  R  . 

20 

H 

1 

1 

140 

90-110 

OraDge  GRN     . 

60-80 

6-(> 

3 

ordinary 

ordinary 

Scarlet  S  . 

20 

2i 

\ 

1-2 

120-140 

60-80 

FaaL  Scarlet  R . 

30 

H 

1 

1} 

140-160 

140 

Red  B,  3  B 

60 

5^ 

2 

2{ 

140 

140 

PinkB       . 

50 

8-11 

6-8 

4 

120-140 

110 

Pink  AN,  BN    . 

120 

•H 

3 

2 

140-160 

105-120 

Brown  G   . 

40 

28 

1 

U 

120 

110 

BrownSG,  N    . 

40 

7 

— 

4 

80-100 

60-80 

BrownRR,  5R. 

50 

2f 

1 

li 

104 

104-140 

Brown  AN 

60 

8 

2 

140 

140 

Green  G    . 

50 

4 



2 

133-140 

120-140 

Bliie3G,N       . 

50 

2| 

li 

120 

Violet  B,  R 

200 

H 

- — 

3 

4 

120-140 

100-120 

Violet  BB,  B      . 

100 

4 

—— 

6 

3 

131-167 

1 

1 

104 

Green  G  requires  the  addition  of  10  parts  of  a  solution  of  glue  (1  :  10). 
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When  dj'eing  with  dififerent  dyestuflfs  in  the  same  Viit,  the 
stock  vats  should  be  prepared  separately  and  mixed  in  the  dye- 
vat.  The  solution  of  the  dyestuff  is  added  through  a  fine  sieve 
to  the  water  in  the  vat,  which  should  have  a  temperature  of  60° 
to  140°  F.  Bent  sticks  are  recommended  for  dyeing,  and  the 
yarn  should  be  turned  8  to  4  times  during  i  hour.  After  dyeing 
wring  over  the  vat,  allow  to  oxidise,  and  soap  at  the  boil  for  J  to 
i  hour  in  a  solution  of  2  parts  of  soap  or  2  parts  of  soap  and  1 
part  of  soda  per  1,000  parts  of  water ;  rinse  and  dry. 

Helindone  Yellow  and  Helindone  Brown  are  dyed  with  the 
addition  of  common  salt  or  Glauber's  salt. 

The  Hydron  Dyestuffs. 

The  Hydron  Blues  of  Leopold  Gassella  &  Co.  are  dyed  on 
cotton  yarn  in  the  following  manner  : — 

Additions  for 
Starting  bath.  subsequent 

lots. 
Per  cent.  Per  cent. 

Dyestufif  in  paste  (20  per  cent.)  .  2—80  2—24 

Hydrosulphite  cone,  powder       .  2 — 15  1 — 12 

Caustic  soda  lye,  75°  Tw.  .  2—15  1—  8 

Proportion  of  yarn  to  liquor,  1  :  20. 

Heat  the  bath  to  about  120°  to  140°  F.,  add  the  caustic  soda 
lye  and  the  dyestuff,  gradually  stir  in  the  hydrosulphite  either 
in  powder  form  or,  better,  dissolved  in  cold  water,  stir  well  until 
the  dyestufif  has  been  completely  reduced.  Dye  for  J  hour  at 
120°  to  140°  F.,  preferably  on  bent  sticks,  squeeze  or  wring, 
expose  to  the  air,  and  rinse.  The  yarn  should  finally  be  soured 
with  sulphuric  acid,  thoroughly  rinsed  and  soaped. 

Piecegoods  may  be  dyed  in  the  jigger  which  should  be  pro- 
vided with  squeezing  rollers.  Dye  for  i  to  f  hours  at  about 
140°  F.,  squeeze,  give  an  air  passage  in  order  to  oxidise  the 
dyestufif,  and  rinse,  first  in  acidulated  water  and  finally  in 
pure  water. 
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MORDANT  DYE STUFFS 


l)}Dyed  on  aluminium  mordant. 

2)  Dyed  on  iron  mordant. 

3)  Dyed  on  chromium  mordant. 

Yellows  and  Oranges. 

1,  2,  3)  Alizarine  Orange  (Ba.,  ML., 
Sa.). 

3)  Alizarine  YeUows(By.,  CL,  ML., 
Sa.). 

1,  3)  Anthracene  Yellow  paste  C 
(By.,  Ca.). 

3)  Azo-Alizarine  Yellow  RFS  pow- 
der, 6G  powder  (DII.). 

3)  Chrome  Yellows  (By.). 

3)  Diamond  Flavine  G  (I3y.). 

3)  Diamond  Orange  paste  (By.). 

3)  Diamond  Yellow  G  paste  (By.). 

3)  Galloiiavine  paste  (Ba.). 

3)  Mordant  Yellow  (Ba.). 

Beds. 

2)  Alizarine  IB  extra  in  paste  (By.). 

3)  Alizarine  Bordeaux  G,  GG  (By.). 
1,  3)  Alizarine  Garnet  (ML.). 

1)  Alizarine  Maroon  (Ba.). 

1,  3)  Alizarine  Purpurine  (By.). 

1,3)  Alizarine  Beds  (Ba.,  By.,  ML., 
BAG.). 

3)  Brilliant  Alizarine  Bordeaux  E 
paste  (By.). 

3 )  Chrome  Rhodine  J  powder,  B  pow- 
der (DH.). 

1)  Purpurine  (Ba.). 

Blues  and  Violets. 

3)  Alizarine  Blues  (Ba.,  By.,  ML.). 

2)  Alizarine  Blue  S  extra  paste 
(By.). 


(3 

a 


Alizarine  Bordeaux  B  paste 
By.). 

3)  Alizarine  Cyanine  GG,  R, 
E  extra  paste,  3E  double   paste 

By.). 
Alizarine    Cyclamine  E  paste 

By.). 

3)  Alizarine  Heliotrope  E  paste 

By.). 

Alizarine  Indigo  Blue  S  (Ba.). 

Alizarine  paste,  VI  new,  V2a 
blueish  (Ba.). 

3)  Alizarine  SapphiroleSE( By.). 

3)  Anthracene  Blue  (Ba.). 

Brilliant  Alizarine  Blue  G,  E, 
SD  (By.). 

3)  Cele8tineBlue(By.). 

2)  Chromacetine  Blue  S  powder 
DH.). 

Chromazurine  G,  E  powder 
DH.). 

Chrome  Violet  paste  (By.). 
Chromoglaucine  (ML.). 
2,  3)  Coreine  AEN,  EE65  powder 
DH.). 
Delphine  Blue  (By.,  Sa.). 

3)  Gallamine  Blue  paste  (By.). 
Galleine  (Ba.,  By.,  ML.). 

3)  Gallocyanine  paste  (Ba.,  By., 
CL,  DH.,  Sa.). 

Indochromine  (Sa.). 

2,  3)  Leman  Blue  powder  (DIL). 

2)  Modern  Blue  CVI  lewder 

DH.). 

2,  3)  Modern  Violet  paste  and 
powder  (DH.). 

Phenocyunino  TV  powder,  E,  B, 
and  VS  paste  (DH.). 
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(3)  Philochromine  (ML.). 

(3)  Printing  Violet  E  (Ba.). 

(1,  3)  Prune  Pure  (CI.,  Sa.). 

(3)  Ehine  Blue  paste  and  powder 

(DH.). 
(3)  Ultra  Cyanine  (Sa.). 
(3)  Ultra  Violets  (Sa.). 
(1,  2,  3)  Violet  PDII  powder  (DH.). 

Greens. 

(3)  Alizarine  Green  (Ba.,  ML.). 

(3)  Alizarine  Viridine    DG,    FF 

(By.). 

(3)  Brilliant  Alizarine  Viridine  F 

paste  (By.). 
(3)  Chrome  Green  CGN  powder 

(DH.). 
(3)  Coeruleine  (ML.). 
(1,  3)  Coeruleine  S  paste  (Ba.,  By.). 


(3)  Green  TCR  powder  (DH.). 

(2)  SoUd  Green  (ML.). 

Bbowns. 

(1,  2,  3)  Alizarine  Browns  (ML., 
Poir.). 

(3)  Alizarine  Oranges  (Ba.,  By.). 
(1,  3)  Anthracene  Browns  (Ba.,  By,). 

(2)  Anthracene  Brown  R  paste  (By.). 

(3)  Brown  TCE  powder  (DH.). 
(3)  Diamond  Brown  paste  (By.). 

Blacks. 

(3)  Alizarine  Black  S  (Ba.). 

(3)  Alizarine  Blue  Blacks  (Ba.,  By.). 

(1,  3)  Alizarine  Cyanine  Black  G 

paste  (By.). 
(3)  Alizarine  Fast  Grey  SP,  T  (By.). 
(3)  Naphthomelan  (Ba.). 


The  Mordant  Dyestuffs,  the  chief  representatives  of  which  are 
the  AlizaHneSy  are  fixed  on  the  fibre  with  the  aid  of  metallic 
mordants.  The  colour  lakes,  when  formed  on  the  fibre,  of  most 
of  these  dyestuffs,  are  very  fast  to  light,  washing,  soap,  acids 
and  alkalies.  The  mordant  dyestuffs  are  used  very  extensively 
in  yarn  and  piece  dyeing,  but  only  rarely  in  dyeing  cops  and 
cheeses. 


Application  of  the  Mordant  Dyestuffs. 

On  cotton  the  mordant  dyestuffs  are  chiefly  dyed  on  an 
aluminium  mordant.  Chromium  and  iron  mordants  are  less 
extensively  used.  The  principal  application  of  the  Alizarines 
is  in  the  dyeing  of  Turkey-red  {Adrianople  Red),  for  which 
purpose  in  former  times  madder  was  extensively  employed. 

The  fastest  shades  of  Turkey-red  are  produced  by  the  old 
pi'oceas  of  dyeing,  although  this  entails  a  larger  number  of 
operations  than  the  new  process. 

In  the  latter  process  Turkey-red  oil  is  used,  whilst  in  the 
former  the  material  is  oiled  with  an  emulsion  of  rancid  olive  oil 
(tournante  oU)  in  water,  with  the  addition  of  a  small  quantity  of 
potash. 
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Turkey-Red  (Old  Process). 

The  following  method  is  recommended  by  Farbwerke  vorm. 
Meister,  Lucius  and  Briining,  for  dyeing  with  Alizarine  paste, 
20  per  cent.,  and  Alizarine  Red  No,  1. 

Yarn  Dyeing, 

(1)  Boiling, — Boil  under  pressure  with  3  per  cent,  soda  ash, 
rinse,  and  hydroex tract. 

(2)  First  Oiling  {Green  Liquor). — The  moist  yarn  is  oiled  with  an 
emulsion  of  100  parts  of  rancid  olive  oil  per  1,000  parts  of  liquor, 
to  which  potash  is  added  until  it  shows  a  specific  gravity  of 
9°  Tw.,  afterwards  allowed  to  lie  in  heaps  for  24  hours,  and  dried 
within  12  hours  at  149°  F. 

(3)  Second  Oiling. — Oil  a  second  time  with  40  parts  rancid 
olive  oil  and  80  parts  Turkey-red  oil  per  1,000  parts  of  liquor 
which  is  made  up  with  potash  to  6°  Tw.  Allow  to  hang  in  the 
air  for  4  hours  and  dry  within  12  hours  at  149°  F. 

(4)  Third  Oiling. — Dilute  the  liquor  from  the  third  operation 
with  water  and  a  solution  of  potash  to  5°  Tw.  Impregnate  the 
yarn  with  this  liquor,  hang  in  the  air  for  4  hours,  and  dry 
at  149°  P. 

(5)  First  Soaking. — Soak  the  yarn  for  3  hours  in  a  solution  of 
potash,  1°  Tw.  at  86°  F.,  hydroextract,  and  dry  at  149°  F. 

(6)  Steeping. — Steep  the  yarn  in  water  at  86°  F.,  for  3  hours, 
rinse,  and  hydroextract. 

(7)  Sumaching. — Prepare  a  decoction  of  sumach  leaves,  3  to 
4  ozs.  per  1  lb.  of  yarn,  steep  the  yarn  in  this  at  104°  F.,  for 
6  hours,  hydroextract. 

(8)  Mordanting  and  Aluming. — Pass  the  yarn  through  the 
following  mordanting  bath,  which  should  have  a  specific  gravity 
of  7*2°  Tw. : — Dissolve  4,000  parts  of  aluminium  sulphate  (free 
from  iron)  in  16,000  parts  of  hot  water ;  when  cold,  add  a  solution 
of  400  parts  of  soda  ash  in  4,000  parts  water.  Allow  the  yarn  to 
lie  for  24  hours,  and  rinse  thoroughly. 

(9)  Dyeing. — Dye  with  about  9  per  cent.  Alizarine  paste, 
20  jwr  cent.,  or  for  reds  which  have  to  be  perfectly  fast  to  bleach- 
ing with  Alizaiine  Red  No.  1.      Work  the  yarn  \  hour  in  the 
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cold  dye-bath,  heat  within  1^  hours  to  the  boil,  and  work  boiling 
for  J  hour. 

(10)  Clearing. — To  obtain  yellowish  reds,  boil  the  yam  for 
4  hours  at  a  pressure  of  15  lbs.  per  square  inch,  with  1  lb.  soda 
ash,  1  lb.  soap,  and  3  to  4  ozs.  tin  salt,  and  finally  rinse  and  dry 
at  a  low  temperature.  Blueish  reds  are  obtained  by  boiling  with 
soap  and  soda  only. 

The  boiling  operation  has  to  be  repeated  if  the  red  is  required 
to  be  fast  to  rubbing  and  to  bleaching. 

The  method  of  dyeing  Old  Pink  diflfers  from  the  Old 
Red  process  in  that  the  strength  of  the  mordanting  bath  is  reduced 
to  4°  Tw.,  and  further  in  that  the  pink  is  cleared  twice,  first  with 
soda  and  finally  with  soda  and  soap. 

The  following  is  a  typical  method  of  dyeing  Turkey  Red,  taken 
from  The  Dyeing  of  Textile  Fahiics,  by  J.  J.  Hummel. 

\st  Operation.  Boiling. — Boil  the  yarn  6  to  8  hours  with  a 
solution  of  sodium  carbonate,  1°  Tw.,  wash  well  with  water, 
squeeze,  dry  in  a  stove  at  55°  to  60°  C. 

2nd  Operation.  First  Green  Liquor. — Emulsify  75  kilos,  of  olive 
oil  and  8  kilos,  of  sheep  dung  with  about  1,000  litres  of  water, 
and  add  a  sufficient  quantity  of  a  concentrated  solution  of  sodium 
carbonate  to  make  the  whole  to  2°  Tw.  Work  the  hanks 
separately  in  this  emulsion  at  80°  to  40°  C.  till  thoroughly 
saturated,  and  wring  out  as  evenly  as  possible.  This  operation 
is  usually  called  tramping.  A  machine  which  is  used  for 
this  purpose  is  illustrated  in  Fig.  68.  (C.  G.  Haubold,  jun., 
G.m.b.H.). 

The  Tramping  Machine  consists  of  the  framework  a,  which 
carries  besides  all  the  necessary  gearing  two  troughs  h  contain- 
ing the  impregnating  liquor,  which  can  be  heated  by  means  of 
the  heating  channel  c.  The  revolving  spools  d  are  fixed  and 
provided  with  squeezing  rollers  e,  by  means  of  which  the  excess 
of  liquor  can  be  removed  from  the  hanks.  The  spools  /  perform 
the  wringing,  and  the  hanks  are  pressed  into  the  liquor  by  means 
of  the  L-shaped  arms  g.  The  machine  is  driven  from  the  shaft  //. 
The  yarn  is  placed  on  the  rollers  d  and/ when  the  arm  g  is  in 
a  horizontal  position.  The  arm  g  falls  and  presses  the  yarn  into 
the  liquor,  and  at  the  same  time  the  rollers  revolve  for  a  short 
time,  during  which  the  roller  c  presses  the  liquor  into  the  yarn. 
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The  arm  (i  now  again  takes  the  horizontal  position,  the  squeezing 
roller  e  is  lifted,  the  roller  d  ceasee  to  revolve,  the  spoolB  /  are 
moved  to  the  right  in  order  to  gently  stretch  the  hank,  and  now 
the  spools/,  by  means  ol  the  arm  t  and  the  bevel  wheels  k,  twist 
and  then  untwist  the  hank.  The  hank  may  now  be  removed,  or 
its  position  may  be  altered  and  the  operation  repeated  once  or 
twice. 

1,500  lbs.  of  yarn  may  be  impregnated  per  day  on  one  of  these 
machines.     Power  required,  1  h.p. 

The  prepared  hanks  are  allowed  to  remain  piled  together  over- 
night (12  to  20  hours).    They  are  then  placed  into  a  stove  in 
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which  the  temperature  is  gradually  raised  to  55°  to  60°  C,  at 
which  it  is  maintained  for  two  hours.  Care  must  be  taken  to 
allow  the  escajie  of  the  steam  which  is  given  off  during  the  first 
stages  of  drying,  otherwiee  the  yarn  is  apt  to  be  tendered. 

^rd  and  itk  Opi'ratimis.  %nd  and  Qrd  Green  Liquors.— Hhe 
liquors  are  the  same  as  the  one  used  in  the  2nd  operation,  the 
yarn  is,  however,  not  piled  together  overnight  after  impregna- 
tion, hut  is  e\2>0Bed  to  the  open  air  for  2  to  4  hours  previous  to 
stoving. 

5th,  Glk,  1th,  and  8tb  Operatwna.  Uf,  2nd,  Srd,  and  ith  IVhite 
Liquors. — The  yarn  is  "  tramped"  in  a  solution  of  sodium  car- 
bonate 2°  Tw.,  wrung  out,  exposed  in  the  ojwn  air,  and  dried  in 
the  sLove  as  in  the  previous  operations. 
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9th  Operation,  Steeping,-  -Steep  the  yarn  during  20  to  24  hours 
in  water  heated  to  65°  C,  wash  well,  and  dry  in  the  stove  at  about 
60°  C.  If  the  yarn  contains  much  unmodified  oil,  a  solution  of 
sodium  carbonate  at  J°  Tw.  may  be  used  ;  in  this  case  a  second 
steeping  for  two  hours  in  tepid  water  is  requisite  before 
washing,  etc. 

10th  Operation,  Snmaching. — A  decoction  of  sumach  is  prepared 
by  boiling  60  kilos,  of  best  leaf  sumach  for  about  J  hour  with 
sufficient  water  to  make  the  cold  filtered  solution  to  stand  at 
1J^°  Tw.  The  stoved  yarn,  whilst  still  warm,  is  steeped  in  large 
vats  in  this  decoction,  as  hot  as  it  can  be  borne  by  the  boys,  who 
usually  tramp  it  with  bare  feet  beneath  the  surface  of  the 
solution.  After  steeping  about  4  hours,  the  solution  is  drained 
off,  and  the  yarn  is  hydroextracted. 

11th  Operation,  Mordanting  or  Aluming, — The  sumached 
yarn  while  still  damp  is  tramped  into  a  solution  of  basic  alum  of 
8°  Tw.,  at  a  temperature  of  40°  to  60°  C,  which  is  made  by  dis- 
solving 4  parts  of  alum  in  hot  water,  and  when  nearly  cold 
adding  gradually  a  cold  solution  of  1  part  of  soda  crystals. 

Sometimes  an  addition  is  made  of  150  to  200  c.c.  **  red  liquor  " 
16°  Tw.,  and  5  to  7  grms.  tin  crystals  per  kilo,  of  alum.  Steep 
the  yarn  in  this  solution  for  24  hours,  wash  and  hydroextract. 

IWi  Operation.  Dyeing, — Dye  with  150  to  180  grms.  of 
Alizanne  (10  per  cent.),  80  grms.  ground  sumach,  and  about 
300  grms.  of  huUocKs  blood  per  kilo,  of  cotton  yarn.  If  the 
water  contains  little  or  no  lime,  add  1  per  cent,  of  ground  chalk, 
of  the  weight  of  Alizarine  used.  The  yarn  is  introduced  into  the 
cold  dye  liquor,  the  temperature  is  gradually  raised  to  the  boil  in 
the  course  of  1  hour,  and  the  boiling  is  continued  from  J  to  1  hour. 
After  dyeing,  the  yarn  is  usually  washed. 

ISth  Operation,  First  Clearing, — Boil  the  yarn  for  4  hours  at 
3  to  4  lbs.  pressure,  with  about  30  grms.  of  sodium  carbonate 
crystals  and  30  grms.  of  palm-oil  soap  per  kilo,  of  yarn,  and 
wash.  The  clearing  boiler  is  similar  in  construction  to  an 
ordinary  low-pressure  kier.     It  is,  however,  made  of  coi)per. 

14:th  Operation.  Second  dealing. — Boil  the  yarn  for  1  to 
2  hours  at  3  to  4  lbs.  pressure,  with  a  solution  containing 
25  grms.  of  palm-oil  soap  and  IJ  grms.  tin  crystals  per  kilo,  of 
yarn.     Wash  well  and  dry  in  an  open-air  shed. 
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The  oil  employed  in  the  preparation  of  the  "  green  liquors  ''  is 
rancid  olive  oil  {tmirnank'  oil),  which  is  obtained  by  a  second 
pressing  of  the  olives,  after  they  have  somewhat  fermented  and 
been  steeped  in  boiling  water. 

The  New  Turkey-Bed  Process. 

Brilliant  Turkey-red  may  be  obtained  by  this  process.  The 
shades  are,  however,  not  as  fast  to  rubbing  and  to  bleaching  as 
those  obtained  by  the  Old  Process,    • 

The  following  process  is  recommended  by  Meister,  Lucius  and 
Briining : — 

1.  Boiling, — Boil  with  8  per  cent,  soda  ash  or  silicate  of  soda, 
(76'8°  Tw.),  for  4  hours  at  a  pressure  of  80  lbs.  per  square  inch, 
rinse  thoroughly,  hydroextract. 

2.  Oiling, — Pass  the  moist  yarn  through  a  bath  containing 
12  to  15  gallons  of  Turkey-red  oil  (50  per  cent.)  per  100  gallons 
of  hquor.  Dry  during  12  hours  at  149°  F.  This  operation  is 
repeated.  If  the  yarn  is  dried  after  boiling  and  washing,  one 
impregnation  is  suflScient. 

8.  Mordanting, — Forty  parts  aluminium  sulphate  (free  from 
iron)  are  dissolved  in  160  parts  hot  water ;  after  cooling,  4J 
parts  soda  ash  dissolved  in  40  parts  water  and  1  part  chalk, 
which  has  been  made  into  a  paste  with  water^  are  added.  When 
the  reaction  has  ceased,  an  addition  of  8  parts  acetic  acid  (50  per 
cent.)  is  made  and  the  mordant  diluted  to  12°  Tw.  Heat  the 
mordant  to  86°  F.,  pass  the  dry  yarn  through  it,  steep  for  8  hours, 
hydroextract  and  dry  below  104°  F. 

4.  Fixing, — The  yarn  is  worked  for  J  hour  at  122°  F.  in  a  bath 
containing  per  1,000  parts  of  liquor  5  parts  of  chalk  and  5  parte 
of  sodium  phosphate,  and  then  thoroughly  rinsed. 

5.  Dyeing, — Eight  percent.  Alizarine,  20  jxt  cent,,  is  generally 
used.  The  different  shades  of  Turkey-red  can  be  produced  by 
combining  Alizarine  No,  1  {blue  sliade)  and  AUzaiinc  5  F  {yellow 
shade) ;  10  per  cent,  acetate  of  lime,  28'5°  Tw.  and  1  per  cent, 
tannic  acid  (both  calculated  on  the  amount  of  dyestuff  used) 
should  be  added  to  water  which  shows  a  hardness  of  7^  degrees. 

The  yarn  is  worked  in  the  cold  dye-bath  for  J  hour.  The 
temperature  of  the  bath  is  then  raised  during  1  hour  to  194°  F., 
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and  the  ram  is  worked  at  this  temperature  for  J  hour.  After 
dyeing  rinse  immediately,  liydroextract  and  dry. 

More  brilliant  shades  are  obtained  by  the  addition  of  2  per 
cent.  Turkey-red  oil  (50  per  cent.)  (ealeulated  on  the  weight  of 
cotton)  to  the  dye-bath. 

6.  Steaming. — Steam  2  hours  at  a  pressure  of  22^  lbs.  per 
square  inch. 

The  steaming  operation  is  carried  out    in    a   High-Pressure 


Fio.  69.  — High-Presaure  Steaming  Cottage. 

Steaming  Cottage,  illustrated  in  Fij^.  69  (Messrs.  Mather  &  Piatt). 
The  steaming  cottage  is  circular  in  shape,  7  feet  to  6  feet  in 
diameter,  according  to  the  width  of  cloth  treated,  and  varies  in 
length  from  6  feet  to  12  feet.  It  is  constructed  to  work  at 
pressures  varying  from  5  lbs.  to  40  lbs.,  and  the  upper  portion 
of  the  cottage  is  provided  with  a  cavity  roof,  which  is  fed  with 
high-pressure  steam  (about  60  Ibe.)  in  order  to  prevent  con- 
densation of  the  steam  in  the  cottage  and  drops  of  water  falling 
on  the  cloth.    The  front  of  the  cottage  is  provided  with  a  door 
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which  is  either  hinged  or  which  moves  up  and  down  a  balance 
weight.  It  is  fastened  by  bolts.  The  cloth  is  carried  by  square 
wooden  rollers,  which  are  supported  on  a  waggon  running  on 
rails,  inside  the  chamber.  Each  of  these  rollers  is  provided 
with  a  spur  wheel,  which  gears  into  the  one  adjoining  it,  and 
a  small  stud  wheel  gears  into  one  of  the  wheels  on  the  rollers, 
which  is  operated  by  a  handle  from  the  outside  of  the  cottage. 
By  means  of  this  arrangement  the  position  of  the  cloth  can  be 
changed  as  required.  The  steam  enters  through  a  perforated 
pipe  at  the  bottom  of  the  chamber,  and  a  coil  pipe  may  also 
be  employed  if  additional  heating  is  required. 

7.  Soaping. — In  order  to  obtain  a  pure  red  the  yarn  is  boiled 
for  1  hour  in  a  closed  vessel,  with  2  parts  of  soap  per  1,000  parts 
water,  finally  washed  and  .di*ied  at  a  low  temperature. 

Beds  of  greater  brilliancy  and  fastness  are  obtained  by  boiling 
the  yarn  for  2  hours  under  a  pressure  of  80  lbs.  per  square  inch, 
with  2  parts  soap,  0*8  parts  soda  ash,  and  0*1  part  tin  salt,  per 
1,000  parts  water. 

New  Pink. 

The  method  of  dyeing  New  Pink  is  similar  to  the  method  given 
for  New  Red,  Much  weaker  baths  are,  however,  employed  and 
no  tannic  acid  is  added  to  the  dye-bath. 

In  place  of  the  mordant  given  under  (8),  aluminium  acetate 
7*2°  Tw,  which  is  prepared  in  the  following  manner,  may  be 
employed :  90  parts  aluminium  sulphate  (free  from  iron)  are 
dissolved  in  648*5  parts  water  (free  from  iron);  28*5  parts 
sulphuric  acid,  168*6°  Tw.,  and  174  parts  acetic  acid,  40  per 
cent.,  are  added ;  the  mixture  is  well  stirred  and  89  parts  basic 
aluminium  carbonate  are  slowly  added  (temperature  95°  to 
104°  F.).  The  solution  is  allowed  to  stand  for  a  short  time, 
decanted,  and  made  up  with  water  to  1,000  parts.  A  very 
stable  solution  of  aluminium  acetate  of  28*2°  Tw.  is  thus 
obtained. 

Other  Alizarines,  such  as  Alizarine  Claret  R,  etc.,  may  be 
used  in  place  of  Alizarine  Red,  according  to  the  New  Red 
method. 

Alizarine  Bed  on  Piecegoods. 

The  following  method  is  recommended  for  dyeing  the 
Alizarine  Dyestaffs  of   The  Bayer  Company,  on    cotton  piece- 
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goods  : — Slop-pad  twice  in  1  part  Turkey-red  oil  (neutralised  with 
ammonia)  and  4  parts  water  (free  from  lime),  dry,  steam  J  hour 
at  7  to  14  lbs.  pressure,  or  put  on  the  racks  for  1  to  2  days  in  a 
warm  damp  room  at  100°  to  120°  F.  Slop-pad  either  once  or 
twice  with  sulpho-acetate  of  alumina  8°  to  9°  Tw.,  allow  to 
remain  for  2  hours,  dry  or  put  on  racks  as  above.  Treat  in 
the  jigger  for  at  least  ^  hour  with  6  lbs.  of  chalk  and  2  lbs. 
sodium  phosphate  per  100  gallons  of  liquor,  at  105°  F.  Wash 
carefully,  dye  with  the  necessary  amount  of  dyestuff  with  the 
addition  of  1'5  per  cent,  acetate  of  lime,  29°  Tw.,  and  0*1 
per  cent,  to  0*2  per  cent,  tannic  acid,  calculated  on  the  weight 
of  dyestuflf  used.  Work  in  the  cold  bath  for  J  hour,  heat  to  160°  F., 
within  1  hour,  and  dye  at  this  temperature  for  J  to  f  hour. 
Wash  in  water,  which  should  be  as  free  from  lime  as  possible,  oil 
with  a  solution  of  1  part  Turkey-red  oil,  50  per  cent.,  and  9  parts 
water  (free  from  lime).  Slop-pad  once  or  twice,  dry  thoroughly 
and  steam  1^  to  2  hours  at  14  to  22  lbs.  pressure.  After  this 
steaming  treat  with  a  solution  containing  per  100  gallons  of 
water,  2  to  5  lbs.  olive  oil  soap,  0*4  lbs.  soda,  0*15  lbs.  tin 
crystals  for  i  to  1  hour  at  185°  F.,  or  boil  for  1  hour  under  a 
pressure  of  7  to  14  lbs.     Finally  wash  and  dry  in  the  air. 

The  previously  oiled  and  steamed  material  may  also  be  slop- 
padded  in  a  solution  of  alum  which  has  been  partly  neutralised 
with  soda.  Allow  the  pieces  to  remain  rolled  up  for  1  hour,  dry  on 
the  racks,  wash  on  the  winch,  dye  with  Alizarine  Red  (with  the 
addition  of  small  quantities  of  stannic  oxide  paste  and  acetate 
of  lime),  wash,  steam  for  1  hour,  soap  slightly,  wash  and  dry. 

Simplified  Turkey-Red  Processes. 

Patent  18742/99,  Badische  Company.  The  process  is  chiefly 
used  for  dyeing  yam.  The  red  is  faster  to  rubbing  and  to 
washing  than  that  produced  by  the  New  Red  process. 

Boil  out  the  yarn  as  usual,  rinse,  hydroextract,  and  oil  at 
105°  to  120°  F.  in  a  bath  prepared  by  dissolving  10  lbs.  of  solid 
caustic  soda,  20  lbs.  sodium  stannate,  12  lbs.  sodium  aluminate 
(containing  about  45  per  cent.  AkOs),  and  8  lbs.  sodium  phos- 
phate in  12^  gallons  boiling  water ;  80  lbs.  castor  oil  (first 
runnings)  are  then  added,  and  the  whole  is  boiled  until  the 
solution  becomes  clear ;  then  make  up  with  condensed  water  to 
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45  gallons.  To  this  is  finally  added  an  emulsion  of  6^  lbs. 
Gallipoli  oil  and  1  lb.  soda  ash  in  2  gallons  warm  condensed  water. 

Two  gallons  of  the  cold  liquor,  at  17°  Tw.  are  then  diluted 
with  4  gallons  condensed  water.  This  liquor  is  used  for  oiling 
the  yarn.  The  yarn  is  oiled  a  second  time  in  the  same  liquor 
and  placed  in  a  heap  overnight.  During  this  time  it  should 
be  turned  once.  In  the  morning  the  yarn  is  hydroextr acted  and 
dried  at  140°  F.  until  next  day.  For  the  next  process,  that  of 
mordanting,  lead-lined  vessels  should  be  employed.  The  cold 
mordanting  bath  should  stand  at  17°  Tw.,  but  it  is  used  at 
120°  to  140°  F.  The  mordant  is  prepared  by  dissolving  100  lbs. 
aluminium  sulphate  (containing  about  18  per  cent.  AhOs),  9  lbs. 
ammonium  chloride  and  13  lbs.  magnesium  sulphate  in  90 
gallons  of  hot  condensed  water.  Allow  to  settle  overnight 
and  syphon  oflf  the  clear  liquor. 

In  oiling,  1  pint  of  the  stock  liquor  should  be  added  for  every 
two  hanks.  When  mordanting  on  a  machine,  2^  pints  of  mor- 
danting liquor  should  be  added  for  every  2  lbs.  of  yarn,  whilst 
when  the  operation  is  carried  out  by  hand  the  addition  of 
1 J  pints  will  be  sufficient. 

The  yarn  is  hydroextracted  after  mordanting  and  washed 
until  blue  litmus  paper  is  no  longer  reddened  by  the  water. 

It  is  then  entered  into  the  cold  dye-bath  containing  9  lbs. 
Alizarine  20  per  cent,  and  according  to  the  hardness  of  the  water 
from  1  to  2  gallons  calcium  acetate  15°  Tw.,  and  worked  for 
J  hour.  The  bath  is  then  brought  to  the  boil  within  1  hour, 
and  the  yarn  worked  at  this  temperature  for  J  to  1  hour.  The 
yarn  is  washed  and  hydroextracted  after  dyeing. 

In  order  to  obtain  fast,  fiery  reds,  which  rub  very  little,  2  lbs. 
of  glue  and  3^  lbs.  sumach  extract  (or  a  decoction  of  5  lbs. 
sumach  leaves)  should  be  added  to  the  dye-bath.  The  red  is 
finally  cleared  by  boiling  for  2  hours  at  a  pressure  of  22  lbs. 
per  square  inch,  in  soft  water,  to  which  has  been  added  1  to 
4  lbs.  soda  ash,  9  lbs.  Marseilles  soap,  ^  lb.  tin  crystals  and 
10  gallons  of  the  old  oiling  liquor.  After  clearing,  the  yarn  is 
hydroextracted  and  dried. 

The  following  three  processes  have  been  patented  by  Meister, 
Lucius  and  Briining : — 

Method  L — The  yarn  is  boiled  in  the  usual  manner,  hydro- 
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extracted  and  oiled  with  9  kilos.  aramonia-Turkey-red  oil  or 
9  kilos.  soda-Turkey-red  oil,  with  the  addition  of  4  litres  sodium 
alnminate  20°  B6.  (for  100  lbs.  of  cotton).  The  impregnation 
is  performed  in  a  machine,  and  the  yarn  is  afterwards  dried  at 
about  60°  C. 

The  dried  yarn  is  now  mordanted  with  about  twenty-five  times 
its  weight  of  mordanting  liquor,  which  contains  18  litres  alu- 
minium acetate  7°  Be.,  and  1*8  litres  acetic  acid  per  1,000  parts  of 
liquor.  Turn  once,  heat  the  bath  within  J  hour  to  45°  C,  and 
work  for  J  hour  at  this  temperature.  Wash  until  neutral,  dye, 
steam,  etc.,  as  given  under  New  Red, 

Method  II. — The  second  and  the  third  methods  only  differ 
from  the  first  as  regards  the  composition  of  the  mordanting 
bath,  which  contains  3*1  kilos,  aluminium  sulphate,  9'73  litres 
calcium  acetate  18°  Be.,  1*8  litres  acetic  acid  (50  per  cent.),  per 
1,000  litres  of  water. 

Method  III. — The  mordanting  liquor  employed  in  the  third 
method  contains  per  1,000  litres  of  water  3*1  litres  aluminium 
sulphate,  and  1'6  kilos,  sodium  metasulphite. 

Steinbr's  Process  for  Turkey-Red  on  Cotton   Fiegegoods. 

This  process  is  carried  out  in  the  following  manner  : —  ^ 

1.  Bleaching. — The  goods  are  well  washed,  boiled  for  2  to 
3  hours  with  water  only,  then  boiled  for  10  to  12  hours  in  a 
solution  of  caustic  soda  (2  lbs.  per  100  lbs.  of  cotton),  and 
washed  ;  finally,  boiled  a  second  time  for  10  hours  with  caustic 
soda  solution  (1'5  lbs.  per  100  lbs.  cotton)  and  washed.  They 
are  then  steeped  for  2  hours  in  a  solution  of  sulphuric  acid 
(2°  Tw.),  washed,  padded  in  a  solution  of  sodium  carbonate 
(4°  Tw.),  and  dried. 

2.  Oiling. — Pad  in  open  width  in  a  clear  solution  of  olive 
oil,  at  110°  C,  in  a  special  oil-padding  machine,  and  dry  in  a 
drying  chamber  at  70°  C.  for  2  hours. 

3  to  9.  Liquoring. — The  oil  absorbed  by  the  fibre  is  fixed  in 
these  operations  by  saponification.  For  this  purpose  the 
pieces  are  padded  seven  times  in  a  solution  of  sodium  carbonate 

*  A  Manual  of  Dyeing^  Knecht,  Bawson  and  Loewenthal,  2nd  edition, 
p.  586. 
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(40  Tw.),  and  hung,  after  each  padding  operation,  for  2  hours 
in  ft  stove  at  75°  to  77°  C.  In  winter  time  the  padding  liquors  are 
heated  to  35°  or  40°  C.  The  number  of  liqtwnng  operations 
varies  with  the  depth  of  the  ultimate  shade  which  it  is  desired 
to  produce.  The  drying  rooms  must  be  well  ventilated,  otherwise 
the  fibre  is  liable  to  be  weakened. 

10.  Steeping. — The  object  of  this  operation  is  to  free  the 
fibres  from  all  adhering  oil  which  has  not  been  fixed  thoroughly. 
The  pieces  are  run  through  a  vat,  which  is  divided  into  several 
compartments,  fitted  with  rollers  above  and  below.  The  first 
compartments  are  filled  with  sodium  carbonate  (J°  Tw.)  at  40°  C, 
the  last  with  water  only ;  after  being  well  washed  the  pieces  are 
dried. 

11.  Mordanting. 

12.  Dyeing. 

13  and  14.  Clearing. 

These  operations  are  the  same  as  in  the  Old  Process. 

Baybr's  Patented  Process  for  Dyeing  Turkey-Red. 

The  process,  which  has  been  patented  quite  recently  by  the 
Bayer  Company,  seems  to  be  of  considerable  interest,  because  full 
bright  fast  reds  can  be  obtained  without  the  tedious  and  costly 
processes  of  mordanting,  fixing,  etc.  The  fibres  and  the  fabrics 
are  well  penetrated.  In  order  to  work  the  process,  it  is,  however, 
necessary  to  obtain  a  licence  from  the  patentees. 

On  cotton  yarn. 

The  thoroughly  scoured  cotton  yarn  is  oiled  twice  or  three 
times  in  the  usual  manner,  with  a  good  quality  of  Turkey-red  oil, 
made  slightly  alkaline  by  the  addition  of  ammonia,  wrung,  dried 
and  stoved  as  usuaL 

When  fully  oxidised,  the  yarn  is  steeped  in  tepid  water, 
squeezed  and  entered  directly  into  the  dye-bath,  prepared  as  fol- 
lows : — 10  per  cent  Alizarine  Red  20  per  cent  j>aBte  {2B  or  IP  bltie 
shade),  5  per  cent,  aluminium  sulphate,  2 J  per  cent,  formic  acid 
(90  per  cent.),  4  per  cent,  soda  crystals  (dissolved  separately  and 
mixed  with  the  formic  acid  before  adding  it  to  the  bath)  J  per  cent, 
chalk,  60  per  cent,  common  salt. 
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Work  the  yam  cold  for  J  hour  or  20  minutes,  bring  slowly  to 
the  boil  in  1 J  hours,  work  at  the  boil  for  J  hour,  rinse  thoroughly, 
and  finally  clear,  as  usual,  during  1  tp  2  hours  under  medium 
pressure  by  boiling  with  soap,  with  the  addition  of  a  small  quan- 
tity of  soda. 

On  piecegoods. 

Scour  the  cloth  thoroughly,  pad  in  the  mangle  in  the  usual 
manner  with  a  7J  to  10  per  cent,  solution  of  a  good  quality  of 
Turkey-red  oil.  No  soda  or  potash  must  be  added  to  the  oil. 
The  cloth  (100  lbs.)  is  now  ready  for  entering  into  the  dye- 
bath,  which  should  be  prepared  as  follows : — 

200  gallons  water,  60  lbs.  common  salt,  8  to  10  lbs.  Alizarine 
Red  20 per  cent,  paste,  5  lbs.  aluminium  sulphate.,  2J  lbs.  formic 
acid  (90  per  cent.),  4  lbs.  soda  crystals,  0*8  lbs.  chalk. 

The  formic  acid  should  be  added  slowly  to  the  solution  of  the 
soda  crystals  in  order  to  allow  the  carbon  dioxide  formed  to  escape 
and  to  prevent  frothing  over  the  side  of  the  vessel. 

Enter  the  cloth,  run  J  hour  cold,  raise  the  temperature  to 
boiling  point  within  1 J  to  IJ  hours,  and  continue  dyeing  at  the 
boil  for  ^  to  1  hour.  The  pieces  are  finally  soaped  at  the  boil 
and  dried. 

Erban-Spbcht*s  Method  op  Dyeing  with  the  Alizarines. 

This  method  differs  from  the  other  methods  described,  in  that 
the  cotton  is  first  impregnated  with  the  dyestuff  dissolved  in 
ammonia  or  Dissolving -ether  MLB^  or  in  mixtures  of  the  two, 
and  in  that  the  mordant  is  applied  afterwards.  The  method  is 
especially  suitable  for  dyeing  light  pinks  and  mode-shades 
both  on  yarn  and  on  piecegoods,  whilst  it  is  less  suited  for 
dyeing  reds  and  heavy  shades.  The  Alizarine  dyestuffs  are 
dissolved  in  water,  free  from  lime,  with  the  addition  of 
ammonia  or  Dissolving-ether,  and  neutral  Turkey-red  oil  is 
added  to  the  dye-bath.  The  cotton  is  impregnated,  evenly  wrung 
or  squeezed  and  dried  at  122°  to  140°  P.  The  material  is 
then  passed  through  the  mordanting  bath,  wrung  or  squeezed, 
and  steamed,  or  it  may  be  steamed  after  it  has  been  dried.  One 
to  two  hours  steaming  without  pressure  is  suflBcient.  Piece- 
goods  are  impregnated  in  the  padding  machine  and  dried  in 
the  hot-flue.    The  cotton  is  finally  soaped  or  cleared. 
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Dyestiiffs  suitable  for  this  method: — Alizarine  YelhtcSy 
Mordant  YcUow  O,  Alizarine  Orange,  Alizarine  Reds,  Alizarine 
Claret,  Alizarine  Browns,  Solid  Green  O  bO  per  cent.,  Ceruleine 
Paste  A,  Alizarine  Green,  Philochromine ,  and  Chromo(jlmicine, 

Recipe  for  a  Medium  Pink, 

Dyestvff  Solution. — One  pB,rt  Alizarine  paste  20 per  cent.,  18  parts 
water,  free  frora  lime ;  2  parts  ammonia,  25  per  cent. 

lit  Bath. — 88  parts  water,  free  from  lime  ;  12  parts  neutral 
Turkey-red  oil  (80  per  cent.),  diluted  1:4;  5  parts  of  the 
dyestuflf  solution. 

2nd  Bath. — 10,000  parts  water,  25  parts  acetic  acid,  12°  Tw., 
54  parts  aluminium  acetate,  19°  Tw.,  9'5  parts  calcium  acetate, 
28°  Tw. 

87'd  Bath. — 10,000  parts  water,  5  parts  soda,  1  part  tin  salt, 
5  parts  soap. 

The  aluminium  acetate  solution  is  prepared  in  the  following 
manner  : — Dissolve  separately  1,908  parts  of  alum  in  2,000 
parts  hot  water,  and  1,590  parts  sugar  of  lead  in  1,600  parts  hot 
water.  Mix,  allow  to  cool,  and  add  150  parts  soda  crystals.  Allow 
to  settle  for  24  hours,  draw  oflf  the  clear  solution  and  dilute  to 
19°  Tw. 

The  method  is  also  applicable  to  the  dyeing  of  mode-shades 
on  different  mordants.  The  method  of  working  is  the  same  as 
that  described  for  Pink. 

For  light  shades  the  colour  solution  should  consist  of  5  parts 
dyestufifs  in  paste,  stirred  up  with  45  parts  water,  and  875  parts 
water,  free  from  lime,  25  parts  ammonia,  25  per  cent.  (1  :  10), 
50  parts  Turkey-red  oil,  80  per  cent.  (1 :  4). 

For  dark  shades.  Dissolving-ether  is  used  in  addition  to  the 
above  ingredients. 

Mordants  Used  for  Dyeing  Light  Shades, 


Aluminium  acetate,  15°  Tw. 
Acetate  of  chrome,  32-4°  Tw 
Acetate  of  iron,  15°  Tw. 
Acetic  acid,  12°  Tw.  (1:10) 
Acetate  of  lime,  28*4°  Tw. 
Water  .... 


175  parts 


250  parts 

50  parts 

9,525  parts 


87  parts 

250  parts 

25  parts 

9,638  parts 


250  parts 

250  parts 

25  parts 

9,475  parts 
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Dyeing  op   the  Alizarine  Dyestupfs  on  Chromium  Mordant. 

Blues,  brown,  greens,  olives,  etc.,  may  be  obtained  by 
dyeing  the  Alizarines  on  chromium  mordants.  The  shades  are 
remarkable  as  regards  fastness  to  bleaching  and  to  boiling. 

Alizarine  Blue  paste  (ML.)  may  be  dyed  on  cotton  yarn 
by  the  following  method  : — 

For  100  lbs,  of  Yarn, — Boil  the  yarn  with  3  lbs.  of  soda  ash, 
rinse,  hydroextract,  work  for  J  hour,  in  a  cold  solution  of 
Chromimn-viordafit  G,A.I,  (ML.),  18°  Tw.,  steep  in  the  mordant 
for  12  hours,  and  hydroextract.  Fix  |  hour  at  122°  F.,  with  a 
2  per  cent,  solution  of  soda  ash,  wash. 

The  dye-bath  is  prepared  with  15  kilos,  dyestuff  in  paste, 
dissolved  in  6*5  litres  ammonia  (25  per  cent.),  50  litres 
water,  and  150  grms.  tannic  acid.  Turn  the  yarn  \  hour  in 
the  cold  bath,  add  15  litres  acetic  acid,  12°  Tw.,  turn  \  hour, 
heat  within  1  hour  to  the  boil,  and  dye  J  hour  boiling. 

When  dyeing  with  Alizarine  Blue  it  is  absolutely  essential  to 
use  water  which  is  free  from  lime  salts. 

The  dye-bath  should  be  prepared  with  50  kilos.  Alizarine  Blue 
jyaste,  28'5  litres  acetic  acid,  12°  Tw.,  17  litres  ammonia  (25 
per  cent).  After  dyeing  rinse  and  soap  at  the  boil  with  5  to 
10  lbs.  soap,  for  J  hour. 

Another  method  consists  in  treating  the  boiled,  hydroextracted 
yarn  with  15  times  its  weight  of  water,  to  which  5  lbs.  of  tannic 
acid,  or  25  lbs.  of  sumach  extract  (20  per  cent.),  per  100  gallons, 
have  been  added.  Work  the  yarn  at  176°  F.  for  ^  hour,  steep  for 
12  hours,  hydroextract,  work  J  hour  in  a  cold  bath  of  Chromium 
mordant  G,A,I,y  18*2°  Tw.,  steep  12  hours  and  hydroextract. 
Work  J  hour  in  a  bath  at  140°  F.,  containing  20  lbs.  soda  per 
100  gallons  of  liquor,  and  wash.  Dye,  soap,  etc.,  as  in  the  other 
method. 

Basic  dyestuffs  may  be  used  together  with  the  Alizarines, 
or  the  shades  may  be  topped  with  these  dyestuffs. 

Other  chromium  mordants  which  may  be  used  are  chronuuni 
chloride  and  chromium  bisulphite. 

For  very  heavy  dark  blue  shades  the  yarn  is  boiled,  oiled  and 
dried  in  the  usual  manner,  and  then  worked  for  :|  hours  in  a 
solution  of  tannic  acid  (5  lbs.  per  100  gallons  of  water)  at  176°  F. 
It  is  then  steeped  in  this  solution    for  12  hours,  and  hydro- 


326  BLEACHING  AND  DYEING 

extracted.  The  proportion  of  cotton  to  liquor  should  be  1  :  16. 
The  yarn  is  now  worked  for  1  hour  in  a  cold  solution  of 
chromium  chloride,  18-2°  Tw.,  and  steeped  for  12  hours. 
Hydroextract  and  wash  immediately  in  running  water.  The  water 
used  in  dyeing  should  be  practically  free  from  lime  salts.  Dye 
J  hour  cold,  heat  within  1  hour  to  the  boil,  and  work  f  hour 
at  the  boil,  then  wash  and  hydroextract.  Steam  2  hours  at  a 
pressure  of  15  to  28  lbs.  and  soap  boiling,  either  with  or  without 
pressure.  For  100  kilos,  of  yarn  the  dye-bath  is  prepared  with 
15  kilos.  Alizarine  Blue  F  Paste  (ML.),  28'5  litres  acetic  acid, 
12°  Tw.,  17  litres  ammonia  (25  per  cent.),  150  grms.  tannic 
acid ;  or  with  5  kilos.  Alizarine  Blue  CB  jyowder,  5  kilos, 
acetic  acid,  12°  Tw.,  150  grms.  tannic  acid. 

The  method  may  be  varied.  Thus  the  Badische  Company 
recommend  for  ordinary  shades,  boiling  and  rinsing  the  cotton 
in  the  usual  manner  and  steeping  in  a  solution  of  chromium 
chloride  32°  Tw.,  for  12  hours,  washing  in  running  hard  water, 
and  then  oiling  m  a  bath  prepared  with  1  part  Turkey-red  oil  F 
(50  per  cent.)  and  9  parts  water.  Then  wring  and  dry  at  140°  F. 
In  place  of  chromium  chloride,  chromium  bisulphite,  7°  to 
15°  Tw.,  is  also  recommended.  Steep  the  cotton  for  12  hours, 
wring  well  and  treat  for  10  or  15  minutes,  at  140°  F.,  in  a  bath 
containing  5  to  10  lbs.  soda  ash  per  100  gallons  water,  liinse 
thoroughly,  hydroextract  and  oil. 

Useful  shades  may  be  obtained  by  using  a  combination  of 
chromium  chloride  and  aluminium  acetate  (9°Tw.). 

The  Bayer  Company  suggest  a  process  in  which  oiling  is 
not  necessary.  Immerse  the  scoured  yarn  into  a  solution  of 
chromium  chloride,  15°  to  32°  Tw.,  wring,  rinse  and  treat 
with  tannic  acid  (5  lbs.  of  tannic  acid  or  25  lbs.  sumach  extract, 
25  i>er  cent.,  per  100  gallons  of  water).  Chromium  bisulphite 
15°  to  82°  Tw.,  or  chromium  chromate  18°  Tw.,  may  be 
used  in  place  of  chromium  chloride.  Dye  for  \  hour  cold, 
raise  the  temperature  of  the  dye-bath  slowly,  and  dye  for  1 
hour  at  140°  to  195°  F.  A  small  quantity  of  acetic  acid, 
acetate  of  ammonia,  or  tannic  acid  may  be  added  to  the 
dye-bath.  After  dyeing  rinse,  dry,  steam,  soap  for  20  minutes 
at  120°  F.,  rinse  and  dry.  The  colour  may  be  fixed  by  boiling 
for  1  to  IJ  hours  in  j)lace  of  steaming. 
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The  following  method  is  of  interest  for  dyeing  cotton  piece- 
goods.  Pad  the  pieces  with  the  following  solution : — 96  parts 
acetate  of  chrome,  32^  Tw.,  257  parts  soda  lye,  67°  Tw.,  4  pans 
glycerine,  48°  Tw.,  643  parts  water ;  allow  to  remain  rolled  up 
for  5  to  8  hours,  wash  and  dye. 

Or  cloth  may  be  slop-padded  with  the  following  solution  : — 
6  gallons  chromium  bisulphite,  32°  Tw.,  1  gallon  tragacanih 
(65  :  1000),  82  gallons  water.  After  padding  dry  the  goods  in 
the  hot-flue,  if  necessary  steam  in  the  Mather-Platt,  or  pass  the 
goods  through  a  bath  at  140°  F.,  containing  either  8  lbs.  of  soda 
ash  or  silicate  of  soda,  per  100  gallons.    Einse  and  dye. 

The  dyeing  is  conducted  in  the  usual  manner  with  the 
addition  of  about  2  per  cent,  of  acetic  acid.  The  goods  are  after- 
wards soaped,  rinsed,  dried,  and,  if  necessary,  after-treated  with 
chlorine. 

Dyeing  of  the  Alizarine  Dyestuffs  on  Iron  Mordant. 

Violet  and  Bordeaux  shades  are  produced  by  dyeing  some  of  the 
Alizarine  dyestuffs  on  iron  mordant. 

For  this  purpose  the  material  is  boiled  and  oiled  in  the  manner 
described  for  Old  Red,  or  for  shades  which  do  not  require  to  be 
very  fast,  according  to  that  given  for  New  Red. 

The  yam  is  then  worked  in  pyrolignite  of  iron  of  about  3°  Tw. 
for  1  hour,  rinsed  and  dyed  as  usual. 

Or  the  material  is  treated  with  3  to  4  lbs.  tannic  acid  per  100 
gallons  water,  then  passed  through  pyrolignite  of  iron  of  about 
3°  Tw.,  rinsed  and  dyed. 

Or  the  boiled  and  oiled  cotton  is  dried,  and  then  mordanted  with 
pyrolignite  of  iron,  3°  to  12°  Tw.,  squeezed,  thoroughly  dried  and 
exposed  to  the  air  for  at  least  48  hours.  The  material  is  then 
worked  for  J  hour  at  120°  F.,  in  a  bath  containing  5  lbs.  chalk 
per  100  gallons  water,  thoroughly  rinsed  and  dyed.  Violet  shades 
are  produced  by  dyeing  with  Alizarine  paste  20  per  cent  VI  new, 
or  V'la  blwinh  (Ba.). 

Suitable  shades  may  also  be  obtained  by  dyeing  with  the 
Alizarine  dyestuffs  on  a  combined  aluminium  and  iron  mordant. 

For  this  purpose  the  yarn  is  first  treated  with  sumach  extract, 
then  with  basic  aluminium  sulphate,  and  finally  with  pyrolignite 
of  iron. 
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Dyeing  of  Alizarine  One-Bath  Colours. 

Light  shades,  especially,  may  be  dyed  with  the  Alizarines  in  one 
bath.  For  this  purpose  the  boiled  or  bleached  pieces  are  padded 
with  the  dyestuff  solution,  dried  in  the  hot-flue,  steamed  for  J  to  1 
hour,  and  finally  washed  and  soaped. 

Solid  Green  (ML.)  may  be  applied  by  this  method.  Wool 
dyestuffs,  which  are  fixed  by  means  of  chromium,  may  be  used 
in  the  same  bath. 

The  padding  liquor  is  prepared  in  the  following  manner : — 
10  parts  Alizarine  Claret  li  (ML.),  or  5  parts  Alizarine  Claret  and 
J  part  Fast  AM  Violet  R  or  B,  (ML.)  or  Fast  Acid  Blue  B  (ML.), 
895  parts  water,  GO  parts  ammonia  (1  :  10),  20  parts  sodium 
acetate  (1 :  10),  25  parts  alkaline  chromium  moi\lant. 

Preparation  of  the  alkaline  chromium  mordant : — 200  parts 
ammonia,  267  parts  water,  133  parts  glycerine,  400  parts  acetate 
of  chrome,  32-4°  Tw. 

Dyeing  of  Cops  and  Cheeses  with  the  Alizarines. 

Of  the  different  processes  which  have  been  suggested  for  dyeing 
reds  on  cops  with  Alizarine,  none,  so  far,  seems  to  have  been  used 
to  any  large  extent. 

F.  Kornfeld  patented  the  application  of  calcium  saccharate. 
The  cops  are  first  treated  in  a  bath  containing  thq  dyestuff,  soda 
ash,  tannic  acid  and  calcium  saccharate,  and  they  are  then 
steamed. 

According  to  another  process  the  cops  are  dyed  with  a  solution 
of  Alizarine  in  sodium  carbonate,  afterwards  treated  with  acetic 
acid  and  steamed. 


PAET  XV 

COLOUES   PRODUCED   ON   THE   FIBRE   BY 

OXIDATION 

The  chief  representative  of  this  group  of  colouring  matters  is 
the  Aniline  Black,  It  is  produced  by  the  oxidation  of  aniline  in 
acid  solution.  The  process  is  not  a  simple  one.  During  oxida- 
tion of  the  aniline,  a  green  compound,  Emeraldine,  is  first  pro- 
duced, and  this  is  ultimately  converted  into  Aniline  black. 
By  the  action  of  oxidising  agents,  such  as  bichromate  of  potash, 
bleaching  powder,  etc.,  the  black  is  converted  into  an  ungreenable 
Aniline  black,  whilst  reducing  agents,  e.g.,  sulphurous  acid,  are 
capable  of  turning  the  shade  of  Aniline  black  more  greenish. 
This  action,  called  the  greening  of  Aniline  black,  often  presents 
very  serious  difficulties.  It  is  supposed  to  be  due  to  the  formation 
of  emeraldine. 

In  order  to  make  Aniline  black  ungreenable,  an  after- 
treatment  with  bichromate,  with  the  addition  of  a  small  quantity 
of  mineral  acid  and  aniline  salt,  or  aniline  oil,  is  recommended. 

The  greatest  care  has  to  be  taken  in  order  to  avoid  tendering  of 
the  fibres  during  the  processes  of  dyeing  and  ageing. 

Cotton  dyed  with  Aniline  black  is  weighted  considerably,  up  to 
10  per  cent. 

The  following  three  methods  of  dyeing  Aniline  black  are 
employed  commercially  : — 

1.  One-hath  black  {dyed  black). 

2.  Aged  bla^k, 

3.  Steam  black. 

Dyeing  of  One-Bath  Black. 

This  method  of  dyeing  Aniline  black  consists  in  treating  the 
material  in  a  bath  containing  a  mixture  of  aniline,  bichrome  and 
mineral  acid.  The  method  is  simple,  and  the  black  produced 
rubs  badly,  but  the  strength  of  the  fibre  is  not  afl'ected. 
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The  cotton  may  be  softened  and  the  fastness  to  rubbing  some- 
what improved  by  oiling  or  soaping  after  dyeing.  One-bath 
black  is  frequently  dyed  on  a  bottom  dyed  with  a  substantive  or 
a  sulphur  black. 

100  lbs.  of  Cotton  Yarn. 

Method  1. — The  yam  is  well  boiled  and  then  worked  for  about 
15  minutes  in  a  bath  containing  1  lb.  of  sulphuric  acid,  168°  Tw. 

For  dyeing,  the  following  bath  is  prepared : — 8  lbs.  of  aniline 
salt  and  9  lbs.  of  sulphuric  acid,  168°  Tw. ; — or  6  lbs.  of  aniline  oil, 
5  lbs.  of  hydrochloric  acid,  36°  Tw.,  and  4  lbs.  of  sulphuric  acid, 
168°  Tw. ; — with  the  addition  of  9  lbs.  of  bichrome,  2  lbs.  of  copper 
sulphate  and  2  lbs.  of  nitrate  of  iron,  100°  Tw. 

The  yarn  is  worked  in  the  cold  bath  for  1  hour.  The  bath  is 
then  slowly  heated  to  the  boil.  The  yarn  is  now  taken  out, 
exposed  to  the  air  for  some  time,  thoroughly  rinsed,  soaped  and 
dried. 

Method  2. — The  dye-bath  is  prepared  with : — 10  per  cent, 
aniline  salt  (Meister,  Lucius,  and  Briining),  14  per  cent, 
hydrochloric  acid,  36°  Tw.,  3'5  per  cent,  sulphuric  acid, 
168°  Tw.,  18  per  cent,  sodium  bichromate.  Enter  the  material 
work  J  hour  cold,  heat  to  the  boil,  during  30  minutes,  and  work 
J  hour.  Rinse  thoroughly,  soap  at  the  boil.  1  per  cent,  of  log- 
wood extract  may  be  added  to  the  soap  bath. 

Method  3. — Dissolve  10  lbs.  potassium  or  sodium  bichromate, 
2  lbs.  sulphuric  acid,  168°  Tw.,  and  3  lbs.  hydrochloric  acid, 
82°  Tw.,  in  75  gallons  water,  stir  well  and  add  5  lbs.  aniline 
salt  0  (Badische  Anilin  und  Soda  Pabrik)  previously  dissolved ; 
or  in  place  of  the  aniline  salt,  3  lbs.  9  ozs.  aniline  oil  0,  dissolved 
in  4  lbs.  10  ozs.  hydrochloric  acid,  32°  Tw.  may  be  used.  Work 
the  yarn  in  the  cold  liquor  for  IJ  hours,  heat  to  120°  F. ;  after 
1  hour  raise  the  temperature  to  175°  F.  Kinse  well  and  soap 
for  about  1  hour  at  130°  to  175°  F.,  with  5J  lbs.  soap  and  IJ  ozs. 
olive  oil.     Wring  without  rinsing,  and  dry. 

Method  4. — Noel  ting  and  Lehne,  Anilinschtvarz,  p.  54,  give 
the  following  particulars  for  dyeing  Boboeuf's  one-bath  black, 
which  is  largely  dyed  in  France : — 

Solution  (a). — 6  lbs.  aniline  are  dissolved  in  9  lbs.  hydrochloric 
acid,  12  lbs.  sulphuric  acid,  20  gallons  water. 
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Solution  (b). — 12  lbs.  sodium  bichromate  are  dissolved  in  20 
gallons  water. 

Equal  parts  of  (a)  and  (b)  are  mixed  in  an  earthenware  basin. 
2  lbs.  of  cotton  are  worked  quickly  in  this  bath.  A  bronzy  black 
is  developed  within  1  to  2  minutes.  When  all  the  yarn  has  been 
impregnated  in  this  manner,  it  is  well  wrung  and  steamed  for 
20  minutes  at  3J  pounds  pressure.  The  yarn  is  finally  rinsed 
and  soaped.  The  jet-black  obtained  in  this  manner  is  practically 
ungreenable. 

Method  5. — K.  Oehler's  method  of  dyeing  a  one-bath  black 
on  cotton  yarn.  200  gallons  of  dye-liquor  should  be  prepared  for 
100  lbs.  of  yarn,  with  13  lbs.  aniline  salt,  20  lbs.  hydrochloric 
acid,  34*2°  Tw.,  14  lbs.  bichrome,  previously  dissolved  in  hot 
water.  Work  the  yam  cold  for  one  hour,  raise  the  temperature 
of  the  dye-bath  slowly  to  158"  to  176°  P.,  turn  for  J  hour. 
Rinse,  soap  (1  lb.  soft  soap  per  10  gallons  of  water)  J  hour  at 
140°  F.  If  necessary,  the  yarn  may  be  softened  with  2  per  cent. 
Turkey-red  oil,  hydroextracted  and  dried. 

Method  6. — Cold  Process, — For  100  lbs.  of  cotton  yarn,  prepare 
the  following  solutions,  each  separately: — A,  8  lbs.  aniline  oil, 
16  lbs.  hydrochloric  acid,  32°  Tw.,  4  gallons  water ;  B.  20  lbs. 
sulphuric  acid,   168°  Tw.,   4  gallons  water.      Allow    to   cool ; 

C.  14    lbs.    potassium    bichromate,   4   gallons   boiling   water ; 

D.  10  lbs.  ferrous  sulphate,  4  gallons  water. 

Charge  the  dye-beck  with  300  gallons  of  cold  soft  water, 
and  add  one-half  of  the  solutions  A,  B,  C,  D  in  the  order 
given.  ICnter  the  boiled  cotton,  which  should  have  been  well 
wrung  or  hydroextracted,  and  work  cold  for  one  hour.  Lift 
the  cotton  out,  add  the  remainder  of  the  solutions,  re-enter  and 
work  for  IJ  hours.  Rinse  the  yam  two  or  three  times,  soap 
(240  gallons  water,  12  lbs.  soap,  6  lbs.  soda  ash)  at  the  boil, 
wring  and  dry  without  rinsing. 

Method  7. — The  Soci6t6  Anonyme  des  Matieres  Colorantes  et 
Produits  Chimiques  de  Saint  Denis  give  the  following  recipe  for 
a  one-bath  Aniline  black  : — For  100  kilos,  of  cotton  mix  5  litres  of 
aniline  oil  (pure)  with  10  kilos,  of  hydrochloric  acid,  22°  B^. ;  allow 
to  crystallise.  Dissolve  the  crystals  in  warm  water  and  add  the 
solution  to  the  cold  dye-bath  of  about  1,000  litres.  To  this  add 
6  kilos,  of  potassium  or  sodium  bichromate  dissolved  in  water, 
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600  c.c.  of  a  solution  of  ferric  chloride,  40°  B6.,  and  600  c.c.  sul- 
phuric acid.  Stir  the  bath,  enter  the  cotton,  work  quickly  until 
the  colour  develops  uniformly  and  work  for  1  hour  cold.  Heat 
gradually  to  the  boil,  add  2  kilos,  potassium  bichromate,  work 
well  and  allow  the  yarn  to  remain  in  the  bath  for  about  J  hour  at 
80°  C,  rinse  well,  soap  boiling,  and  finally  rinse. 

Aged  Black. 

Aged  black  is  produced  by  padding  the  material  with  a  solution 
of  aniline  salt  and  a  metallic  salt  (copper,  iron,  etc.),  which  acts 
as  an  oxygen  carrier.  The  impregnation  is  followed  by  the 
process  of  ageing.     The  goods  are  finally  chromed  and  washed. 

Aged  black  is  chiefly  dyed  on  piecegoods.  When  dyed  on 
cotton  hanks  it  is  sold  under  the  name  of  Diamond  Black. 

Dyeing  of  Aged  Black  on  Loose  Cotton, 

Meister,  Lucius  and  Briining  recommend  the  following  method 
for  dyeing  Aniline  black  on  loose  cotton  and  cotton  yarn. 

The  following  solutions  are  mixed  together  : — 120  parts  aniline 
salt,  40  parts  sodium  chlorate,  5  parts  ammonium  chlaride, 
3  parts  copper  sulphate,  then  add  120  parts  aluminium  acetate, 
21-6°  Tw.,  and  dilute  the  whole  to  a  density  of  12°  Tw. 

Impregnate  the  thoroughly  wetted-out  cotton  with  this  solu- 
tion, hydroextract  (the  liquor  coming  from  the  hydroextractor 
is  kept),  place  on  hurdles,  and  dry  at  95°  to  104°  F. 

The  cotton  must  be  well  shaken  before  it  is  placed  into  the 
stove  as  well  as  during  ageing.  When  the  cotton  is  perfectly 
dry,  steam  is  allowed  to  pass  into  the  ager  for  the  purpose  of 
completing  the  ageing. 

Ageing  should  be  completed  in  from  18  to  24  hours. 

Develop  in  a  bath,  at  104°  to  122°  F.,  containing  6  per  cent, 
sodium  bichromate,  0*5  per  cent,  aniline  salt,  2  per  cent, 
sulphuric  acid,  168°  Tw.,  rinse  thoroughly  and  treat  with  an 
emulsion  of  oil. 

« 

Dyeing  of  Aged  Black  on  Cotton  Yarn. 

Method  1. — The  cotton  yarn  is  boiled  with  soda  in  the  usual 
manner,  rinsed  in  water  and  well  wrung  or  hydroextracted. 
The  solutions,  as  given  below  for  piecegoods,  recommended 
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by  K.  Oehler,  are  mixed  together  in  a  vat  of  about  100  gallons 
capacity.  50  lbs.  of  yarn  should  be  impregnated  at  a  time  in 
100  gallons  of  the  liquor,  at  12°  Tw.  Turn  the  yarn  for  J  hour, 
lay  up,  wring  lightly  and  hydroextract.  The  extracted  liquor 
should  be  poured  back  into  the  vessel.  The  yarn  ought  to  retain 
about  its  own  weight  of  liquor. 

The  yarn  is  now  well  shaken  and  placed  on  sticks  which  have 
been  previously  wiped  over  with  the  aniline  liquor  and  dried. 

An  ageing  machine,  such  as  described  on  p.  349,  may  be 
conveniently  used. 

The  ageing  chamber  should  be  large  enough  to  hold  a  whole 
day's  production ;  it  should  be  provided  with  a  ventilator  in  the 
ceiling  and  with  a  fresh  air  inlet  underneath  the  floor.  The  air 
which  enters  is  conducted  into  a  channel  in  which  it  has  to  pass 
over  steam  radiators.  The  saturated  air  is  ultimately  removed 
by  means  of  the  ventilator.  The  height  of  the  chamber  should 
be  at  least  15  feet,  because  there  ought  to  be  sufficient  free  space 
above  the  yarn  in  which  the  vapours  are  allowed  to  collect  before 
they  are  removed  by  the  ventilator. 

The  room  required  for  ageing  may  be  calculated  on  the  basis 
of  280  to  350  cubic  feet  per  100  lbs.  of  yarn.  Uniformity  of 
temperature  in  every  part  of  the  ager  is  very  essential  for  the 
production  of  a  satisfactory  black.  For  this  reason  the  amount 
of  air  removed  by  the  ventilator  must  be  carefully  adjusted,  in 
order  to  prevent  any  undue  draught  being  created.  The  impreg- 
nated yarn  should  be  evenly,  but  not  too  closely,  distributed  in 
the  ager.  When  the  ventilator  is  set  in  motion  the  temperature 
should  be  raised  to  94*5°  F. 

Wooden  laths,  about  li  inches  square,  with  rounded-off  corners, 
and  about  10  feet  in  length,  may  be  used  in  place  of  ordinary 
sticks.  About  4 J  lbs.  of  yarn  should  be  placed  on  each  lath. 
During  the  process  of  drying  the  laths  are  turned  by  hand  in 
such  a  manner  that  within  8  to  10  minutes  the  position  of  the 
yarn  on  the  laths  is  reversed. 

Two  hours  after  turning  the  yarn  for  the  first  time,  it  is  given 
half  a  turn.  This  operation  is  repeated  in  intervals  of  2  hours. 
The  first  operation,  Le.,  the  drying  of  the  yarn,  should  be  completed 
in  from  4  to  6  hours.  For  the  ageing  proper,  which  follows  the 
drying,  moist  heat  is  required.  For  this  purpose  steam  is 
allowed  to  pass  into  the  ager  until  the  dry-bulb  thermometer 
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registers  945^  F.,  the  wet-bulb,  8G^  F.  During  the  process  of 
ageing,  which  occupies  from  6  to  8  hours,  the  laths  should  be 
turned  from  time  to  time. 

When  the  yarn  has  obtained  a  blackish-green  colour  it  is 
removed  from  the  ager  and  entered  into  a  bath  at  166°  to  176°  F., 
containing,  for  100  lbs.  of  yarn : — 200  gallons  of  water,  6  lbs. 
bichrome,  4f  gills  sulphuric  acid.  Turn  quickly  for  10  to  15 
minutes,  thoroughly,  rinse  and  soap  at  176°  F.,  with  8  lbs.  olive- 
oil  soap  and  1  lb.  soda  ash  per  100  gallons  of  water,  rinse  and  dry. 

The  impregnating  bath  has  been  given  for  50  lbs.  of  yarn.  In 
case  200  lbs.  of  yarn  have  to  be  impregnated,  the  three  following 
50-lb.  lots  should  be  impregnated  in  rapid  succession. 

When  starting,  a  mark  indicating  the  height  of  liquor  in  the 
vessel  should  be  made.  The  amount  of  liquor  removed  by  the 
yarn  can  thus  be  readily  ascertained.  Some  of  the  water  con- 
tained in  the  yarn  will  also  have  passed  into  the  impregnating 
bath  which  will,  therefore,  have  become  weaker.  Before  entering 
a  fresh  lot  of  yarn,  solutions  of  aniline,  bluestone,  etc.,  in  the 
proportions  given  above  are  added  to  the  old  bath,  in  order  to 
bring  the  liquor  up  to  the  original  volume  and  strength. 

If  the  bath  is  found  to  be  too  strong,  water  should  be  added  to 
bring  its  strencth  to  12°  Tw. 

The  intensity  of  the  black  depends  upon  the  amount  of  liquor 
absorbed,  thus  high  counts  require  more  of  the  impregnating 
solution  than  low  counts. 

Method  2. — Steep  the  dry  yarn  in  a  cold  bath  containing  per 
100  gallons  : — 108  to  110  Ihs.  aniline  salt  0  (Badische  Anilin  und 
Soda  Fabrik),  86  to  40  lbs.  potassium  or  sodium  chlorate,  18  to 
15  lbs.  copper  sulphate,  25  to  30  lbs.  aluminium  acetate,  15°  Tw., 
and  5  lbs.  wheat  starch. 

The  liquor  should  have  a  density  of  7J°  Tw.,  at  which  it  must 
be  kept  during  dyeing,  by  adding  a  suflScient  quantity  of  the 
above  stock  solution. 

After  steeping,  the  yarn  has  to  be  well  and  evenly  wrung  and 
aged  for  about  12  hours  in  a  warm  damp  atmosphere  at  a 
temperature  of  about  85°  F.  The  ageing  is  completed  when  the 
yarn  has  assumed  a  very  dark  green  colour.  It  should  now  be 
worked  for  J  hour,  at  160°  F.  in  a  solution  containing  2J  lbs. 
potassium  bichromate  per  100  gallons.  Finally  rinse  well,  soap, 
brighten  with  soda,  and  treat  with  soap  and  oil. 
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Dyeing  of  Aged  Black  mi  Piecrgoofh. 

Meister,  Lucius  and  Briining  give  the  following  instructions 
for  dyeing  piecegoods : — 120  lbs.  aniline  salt,  10  lbs.  aniline  oil, 
35  lbs.  sodium  chlorate,  J  lb.  copper  sulphate,  per  100  gallons 
liquor. 

The  goods  are  impregnated  with  this  solution,  aged  and 
chromed. 

The  following  is  another  method  of  dyeing  an  **  ungreenable  " 
aged  black.  Two  solutions  are  prepared: — A. — 55  gallons  of 
water,  45  lbs.  aniline  salt,  18J  lbs.  toluidine,  7  lbs.  acetic  acid, 
18^  lbs.  sodium  chlorate. 

B.  18i  lbs.  nitrate  of  iron,  76*6°  Tw.,  6  gallons  water,  27  lbs. 
of  a  solution  of  copper  sulphate  (2  :  10). 

Mix  8  gallons  of  A  with  1  gallon  of  B,  and  pad  with  this 
mixture.    Age  and  develop  as  usual. 

The  following  process  is  recommended  by  Chemische  Fabrik 
Griesheim-Elektron,  Werk  Oehler  : — The  pieces  are  padded  with 
the  following  solutions,  which  are  prepared  separately,  mixed 
when  cold,  and  made  up  with  water  to  100  gallons.  The  padding 
liquor  should  stand  at  12°  Tw.  120  lbs.  aniline  salt  are  dissolved 
in  26  gallons  3J  pints  water ;  5J  lbs.  copper  sulphate  are 
dissolved  in  10  gallons  water ;  37  lbs.  9J  ozs.  sodium  chlorate  are 
dissolved  in  7  gallons  3J  pints  water ;  4  lbs.  ammonium  chloride 
are  dissolved  in  2  gallons  3^  pints  water ;  to  this  are  added  4 
gallons  6J  pints  aluminium  acetate,  15°  Tw. 

The  cloth  should  be  impregnated  in  such  a  manner  that  it 
retains  about  its  own  weight  of  padding  liquor. 

After  impregnation,  the  cloth  should  be  dried  as  rapidly  as 
possible  at  a  low  temperature,  after  which  it  is  aged  for  1  to 
2  hours  at  a  temperature  of  92°  to  96°  F. 

The  ageing  is  followed  by  chroming  and  soaping. 

Vanadium  Black. 

It  has  been  found  that  very  minute  quantities  of  salts  of 
vanadium  act  as  very  powerful  oxygen  carriers.  For  this 
purpose  a  solution  of  vanadium  chloiidey  prepared  from  ammonium 
vanadate^  is  employed. 

Vanadium  Black  is  chiefly  used  in  calico  printing. 
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A.  G.  Green  (Eng.  Patent  No.  16,189,  1907)^  suggests  the 
addition  of  a  i)ara(liamiu('  or  of  a  jyara-amidophenol  to  the 
padding  liquor.     No  oxidising  agents  are  added. 

It  is  claimed  for  this  black  that  the  fibres  are  not  tendered, 
and  that  it  is  cheaper  than  ordinary  aged  black. 

The  material  is  padded,  or  printed  with  the  following  solution, 
aged  or  steamed  as  usual,  rinsed  and  dried,  or  the  ageing  may 
be  followed  by  an  after-treatment  with  bichrome,  etc. : — 

Padding  Liquor : — A  solution  of  48  parts  cupric  chloride,  140 
parts  ammonium  chloride,  and  14  parts  sodium  metabisulphite 
in  500  parts  of,  cold  water  is  added  to  a  solution  of  50  parts 
aniline,  2  parts  paraphenylenediamine,  15  parts  hydrochloric 
acid  (30  per  cent.)  and  15  parts  formic  acid  (90  per  cent.)  in 
1,500  parts  cold  water. 

Fig.  70,  illustrates  a  complete  plant  for  tbe  production  of 
Aged  Aniline  Black  on  cotton  piecegoods,  as  supplied  by  Messrs. 
Sir  James  Farmer  &  Sons.  The  cloth  passes  over  the  entering 
rails  into  the  padding  machine  in  which  it  is  impregnated  with 
the  aniline  solution.  It  is  then  squeezed  and  dried  on  a  vertical 
drying  machine  with  six  cylinders.  From  here  it  enters  the 
ageing  chamber,  and  from  this  it  passes  to  the  chroming, 
washing  and  drying  range. 

The  ageing  chamber  contains  180  wood  lagged  winces  over 
which  the  cloth  is  threaded.  Steam  pipes  are  arranged  below, 
on  the  top,  and  between  the  winces,  and  a  steam  chest  is  provided 
in  order  to  prevent  the  formation  of  drops  at  the  end  at  which 
the  cloth  enters  the  chamber.  Partitions,  to  ensure  the  syste- 
matic evacuation  of  the  vapours  formed,  are  arranged  between 
the  three  top  rows  of  winces.  The  vapours  are  removed  by 
means  of  an  electrically  driven  exhaust  fan.  The  cloth  ultimately 
leaves  the  chamber  near  the  top.  It  is  advisable  to  allow  a 
certain  length  of  the  cloth  to  run  down,  before  passing  it  into  the 
chroming  range. 

This  consists  of  six  tanks  which  are  provided  with  the  necessary 
guide  rollers,  steam  pipes,  overflows,  outlet  valves,  draw  rollers 
and  squeezers.  The  top  rollers  are  pentagonal  in  shape  in  order 
to  rapidly  vibrate  the  cloth.  A  heavy  three  bowl  squeezing 
mangle  is  placed  at  the  end  of  the  range.     Before  entering  the 

*  Journ,  Soc.  Dyers  and  Colourhts^  XXIV.,  p.  231,  1908. 
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drying  range,  the  cloth  passes  through  a  compensator  to  take  up 
any  slack.  The  drying  machine  consists  of  28  cylinders, 
arranged  in  three  stacks,  and  is  similar  in  construction  to  the 
drying  machine  shown  in  Fig.  44,  p.  128. 

After  leaving  the  drying  machine,  the  cloth  is  plaited  down. 
The  whole  range  is  driven  by  one  electric  motor,  the  power  being 
transmitted  to  the  various  machines  by  means  of  belts  and  ropes. 
The  cloth  passes  through  the  machine  at  a  speed  of  about  46 
yards  per  minute.  Power  required  to  drive  the  range : — 
60  h.p. 

Steam  Black. 

Steam  Black  is  produced  by  padding  the  cotton  pieces  with  a 
solution  containing  aniline  salt,  sodium  chlorate  and  yellow 
prussiate  of  potash.  This  is  followed  by  steaming  in  a  rapid 
ager  of  the  Mather-Platt  type  for  about  2  minutes  and  by  chrom- 
ing for  about  1  minute  in  a  solution  of  potassium  bichromate 
(5  lbs.  per  100  gallons)  at  122°  F. 

The  following  padding  solution  is  recommended  by  K.  Oehler  : 
40  lbs.  aniline  salt,  dissolved  in  6  gallons  of  water,  26  lbs.  yellow 
prussiate,  dissolved  in  16  gallons  of  water,  and  16  lbs.  of  sodium 
chlorate,  dissolved  in  8  gallons  of  water. 

For  very  thin,  light  goods,  it  is  advisable  to  make  the  padding 
liquor  slightly  alkaline  by  the  addition  of  a  small  quantity  of 
ammonia. 

This  method  of  dyeing  Aniline  black  is  chiefly  practised  in  print 
works. 

The  Mather-Platt  Ager  for  Steam  Black  is  illustrated  in  Fig.  71. 
It  consists  of  a  chamber  made  of  cast  iron  plates  which  are  bolted 
together,  and  it  is  made  in  lengths  varying  from  9  feet  to  18  feet, 
according  to  the  production  required,  by  9  feet  high. 

The  pieces  enter  and  leave  through  the  same  opening  in  the 
end  of  the  chamber,  which  holds  from  70  to  160  yards  of  cloth. 

The  rollers  over  which  the  cloth  passes  are  made  of  seamless 
drawn  copper  tubes,  5  inches  diameter,  and  in  order  to  prevent 
any  undue  strain  on  the  cloth,  every  alternate  one  is  driven. 
The  roof  of  the  chamber  is  formed  of  steam  heated  cast  iron 
chests  by  means  of  which  condensation  and  the  falling  of  drops 
of  water  on  the  cloth  is  avoided. 

Perforated  steam  pipes  are  provided  both  near  the  top  and  the 
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bottom  of  the  chamber  for  the  purpose  of  supplying  the  requisite 
amount  of  moisture  to  the  ageing  chamber.  A  closed  coil  of 
steam  pipes,  for  heating  purposes,  is  placed  near  the  bottom  of 
the  chamber.  Doors  are  provided  in  the  side  of  the  chamber 
for  the  convenience  of  threading  up,  and  a  wet  and  dry  bulb  ther- 
mometer is  arranged  in  a  convenient  position. 

A  ventilator  is  provided  at  the  back  end  of  the  chamber  for 
carrying  away  the  vapours  formed.  The  cloth  passes  through 
the  ager  at  a  speed  of  from  50  to  80  yards  per  minute.  Power 
required  to  drive  the  machine : — 8  to  4  h.p. 

Pbud'homme  Black. 

Padding  Solutioji : — 42  lbs.  aniline  salt  (ML.),  20  lbs.  traga- 
canth-thickening  (6  :  100),  2^  lbs.  aniline  oil  (ML.),  11  gallons 
of  water  ;  27  lbs.  potassium  ferrocyanide,  14  gallons  water ;  15  lbs. 
sodium  chlorate,  16  gallons  water. 

DiPHENYL  Black. 

In  1902,  Meister,  Lucius  and  Briining  introduced  the 
Dii>h€nijl  Black.  As  compared  with  Aniline  black,  Diphenyl  Black 
is  ungreenable,  and  it  does  not  weaken  the  fibre.  This  is  of  special 
importance  in  the  dyeing  of  goods  which  have  to  be  "  Schreiner- 
calendered."  The  Black  is  produced  by  the  oxidation  of  either 
Diphenyl  Black  Base  or  Dipheni/l  Black  Oil  DO.  The  latter  is 
a  solution  of  the  base  in  aniline  oil.  Goods  w^hich  have  been 
padded  w^ith  Diphenyl  Black  Base  I,  may  be  taken  over  ordinary 
drying  cylinders,  but  better  shades  are  obtained  by  a  passage 
through  the  Mather-Platt.  After  ageing  the  goods  are  rinsed 
and  soaped.  Chroming  is  not  only  unnecessary,  but  produces 
inferior  (brownish)  shades.  Boiling  of  the  goods  before  padding 
is  not  necessary. 

Preparation  of  the  Padding  Liquor  for  Yarn : — The  following 
two  solutions  are  prepared  separately  : — 

1.  360  grms.  Diphenyl  Black  Base  are  dissolved  (w-arm)  in 
1,500  c.c.  acetic  acid  9^  Tw.,  and  400  c.c.  lactic  acid  (50  per  cent.). 
The  mixture  is  cooled  and  stirred  into  1  kilo,  gum  tragacanth- 
thickeuing  (6  :  100)  and  2  litres  water,  and  made  up  with  water 
to  5  kilos. 
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2.  170  c.c.  aluminium  chloride  58°  Tw.,  and  100  c.c.  cerium 
chloride  91°  Tw.,  are  mixed  with  8,850  c.c.  water  and  250  grms. 
sodium  chlorate  dissolved  in  750  c.c.  water,  and  the  whole  made 
up  with  water  to  5  kilos. 

3  litres  of  (1)  are  mixed  with  3  litres  of  (2)  immediately  before 
using ;  2  lbs.  of  yarn  are  impregnated  at  a  time,  thoroughly 
wrung  and  dried  at  60°  C.  The  drying  is  best  carried  out  on  a 
centrifugal  drying  machine.  (See  page  350.)  After  drying, 
steam  for  5  to  10  minutes  without  pressure,  wash  and  soap. 

Padding  Liquor  for  Fiecegoods  : — 

1.  6  lbs.  gum  tragacanth-thickening  (1 :  10)  and  7^  lbs.  water ; 
4  lbs.  Diphenyl  Black  Base  are  dissolved  (warm)  in  5  lbs.  lactic  acid 
(50  per  cent.)  and  18  lbs.  acetic  acid,  40  per  cent.  Stir  the  traga- 
canth  into  it  and  add  14J  lbs.  water,  to  make  up  to  50  lbs. 

2.  2J  lbs.  aluminium  chloride  58°  Tw.,  2J  lbs.  chromium 
chloride  58°  Tw.,  and  6*4  ozs.  cupric  chloride  77°  Tw.,  and  84  J  lbs. 
water ;  then  add  3  lbs.  sodium  chlorate,  dissolved  in  6  lbs.  boiling 
water  and  1  lb.  oil  of  turpentine,  and  dilute  with  water  to 
100  lbs. 

Padding  Liquor  prepared  with  Diphenyl  Black  Oil: — 

1.  6  lbs.  gum  tragacanth-thickening  (1 :  10),  7  J  lbs.  water,  6  lbs. 
Diphenyl  Black  Oil  DO  are  dissolved  cold  in  15  lbs.  acetic 
acid  (40  per  cent.),  stirred  into  the  tragacanth  and  made  up  with 
15  J  lbs.  water  to  50  lbs. 

2.  80J  lbs.  water,  3-8  lbs.  hydrochloric  acid  30-5°  Tw.,  I'G  lbs. 
aluminium  chloride  53°  Tw.,  2J  chromium  chloride  53°  Tw., 
6*4  ozs.  cupric  chloride  77°  Tw.,  1  lb.  oil  of  turpentine,  made  up 
to  40  lbs. 

3.  3  lbs.  sodium  chlorate,  7  lbs.  water.  Before  using  stir  (3)  and 
(2)  into  (1). 

The  previously  boiled  pieces  are  padded  2  to  4  times,  passed 
through  the  ager  for  about  J  hour,  steamed  in  the  Mather-Platt 
for  2  minutes,  soaped  at  140°  P.,  rinsed  and  dried.  A  more 
greenish  shade  of  black  may  be  obtained  by  adding  a  small 
quantity  of  fustic  extract  to  the  soap  bath. 

Paramine  Brown. 

Under  the  name  of  Paraniine,  the  Badische  Anilin  und  Soda 
Fabrik  have  brought  paraphenyknediamine  into  the  market,  by 
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means  of  which  browns  may  be  produced  on  the  fibre  by  oxida- 
tion. The  method  resembles  that  used  for  dyeing  Steam 
Black. 

A  more  yellowish  brown  is,  Fuscamine  (B.A.S.F.)>  produced  by 
using  para-aniinopfienol  in  place  of  Paramine. 

A  similar  colour  is  the  Bistramine  Broion  of  the  Bayer 
Company. 

Colours  Produced  on  the  Fibre  by  Condensation. 
Nitroso  Blue,  Re$arcine  Blue  MR  (Meister,  Lucius  and  Briining). 

The  chief  representative  of  this  group  of  colouring  matters, 
which  are  produced  on  the  fibre  by  condensation,  is  the  Nitroso 
Blue  obtained  from  resoicine  Skud p-nitvosodimethylaniline  {Nitroso 
Base  M  Bfiper  cent.), 

Piecegoods  are  padded  in  the  following  solution  and  gently 
dried: — 

24  grms.  Nitroso  Base  M  paste  60  per  cent.,  60  c.c.  lukewarm 
water,  8  c.c.  hydrochloric  acid  86°  Tw.,  are  thoroughly  mixed, 
then  add  the  solution  of  16  grms.  resorcine  in  16  c.c.  water. 
To  this  add  20  c.c.  of  a  solution  of  tannic  acid  (1 :  1),  and  60  c.c. 
of  a  solution  of  oxalic  acid  (1 :  10).  The  solution  is  then  stirred 
into  100  grms.  gum  tragacanth-thickening  (6  :  100),  made  up  with 
water  to  800  c.c.  and  before  using,  a  solution  of  8  grms.  sodium 
phosphate  in  200  c.c.  water  is  slowly  stirred  into  it. 

Nitroso  Blue  is  chiefly  used  in  calico  printing. 


PAET  XVI 
DYEING    MACHINERY 

Dyeing  op  Loose  Cotton  (Raw  Cotton). 

The  machines  employed  in  dyeing  loose  cotton  may  be 
divided  into  two  classes  : — 

(a)  Machines  in  which,  comparatively  speaking,  a  large  quantity 
of  dye-liquor  is  employed  and  in  which  the  cotton  is  suspended 
and  moved  about  in  the  liquor. 

{b)  Machines  in  which  the  cotton  is  either  lightly  or  more  or 
less  tightly  packed  and  in  which  the  dye-liquor  is  forced  or  sucked 
through  the  cotton  by  means  of  pumps,  propellers,  etc. 

The  simplest  arrangement  used,  consists  of  vessels  made  of 
copper  or  tinned  copper  or  wood.  The  former  may  be  heated 
either  by  a  direct  fire,  the  oldest  system,  or  open  or  closed  steam 
coils  may  be  placed  inside  the  vessel,  or  finally,  the  vessel  may 
be  made  double  jacketed  and  heated  by  steam ;  the  latter  arrange- 
ment is  the  most  satisfactory  one.  In  this  type  of  apparatus  the 
cotton  is  worked  during  dyeing  by  means  of  wooden  poles. 
Care  has  to  be  to  taken  in  order  to  prevent  matting  or  felting  of 
the  fibres. 

In  a  machine  belonging  to  type  (a),  suggested  by  Jagenburg, 
the  cotton  is  moved  by  means  of  slowly  revolving  paddle 
wheels. 

A  machine  largely  used  in  America  for  the  dyeing  of  loose 
cotton  is  the  Klamler-Weldon  Raw  Cotton  Dyeing  Machine 
(The  Klauder-Weldon  Dyeing  Machine  Company,  Huddersfield), 
which  is  illustrated  in  Fig.  72  (cross-section).  It  consists  of  a 
wooden  trough  1  containing  the  dye -liquor,  provided  with  a  top 
cover  which  prevents  the  steam  from  escaping  during  the  dyeing 
operation,  with  openings  on  each  side  through  which  the  machine 
may  be  charged  and  discharged.  These  openings  are  covered 
during  dyeing  with  canvas  curtains.  The  cover  is  not  shown 
in  the  illustration.     The  tank  is  usually  placed  from   12  to 
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24  inches  below  the  floor  level.  The  material  is  placed 
into  the  hollow  metal  cylinder  2,  which  is  divided  into 
four  compartments  by  the  partitions  8.  Thus  four  batches  are 
dyed  at  the  same  time.  Each  compartment  contains  an  out- 
wardly projecting  piece  4,  which  assists  in  keeping  the  material 
during  the  dyeing  operation  in  a  loosened  condition.  In  order 
to  obtain  perfect  circulation  and  penetration  of  the  dye-liquor 
through  the  material,  the  copper  sheets,  with  which  the  compart- 
ments, the  cylinder  heads  and  the  partitions  are  lined,  are  per- 
forated. The  doors  5,  which  are  securely  fastened  during  the 
dyeing  operation,  when  opened,  allow  the  filling  and  emptying 
of  the  material.     The  cylinder  is  rotated  slowly  in  the  direction  of 

the  arrow,  thus  carrying  the 
material  down  into  and 
through  the  dye-bath.  The 
cylinder  is  driven  by  means 
of  the  gear  racks  6  and 
pinion  gears  7,  attached  to 
shaft  8.  The  compartments 
of  the  cylinder  are  so  con- 
structed that  the  material  is 
turned  over  at  every  revolu- 
tion of  the  cylinder.  The 
capacity  of  the  machine 
varies  from  100  to  2,240  lbs. 
of  cotton.  A  machine 
capable  of  dyeing  from  1,000  to  1,500  lbs.  of  raw  cotton  requires 
the  following  floor  space:  11  feet  7  inches  wide,  10  feet  6  inches 
front  to  back ;  7  feet  10  inches  height  above  the  floor  line  ;  1 J  to 
2  h.p.  are  required  to  drive  the  machine,  and  the  dye-vessel  con- 
tains about  1,300  gallons  of  liquor. 

Machines  in  which  the  Cotton  is  Lightly  Packed, 

The  Rhodes  Dyeing  Machine,  which  is  largely  employed  in  the 
dyeing  of  loose  cotton  is  illustrated  in  Fig.  73  (cross-section). 
It  consists  of  the  wooden  dye-beck  A,  two  partitions  B,  which  run 
the  full  length  of  the  machine,  and  the  lattice  bottom  C,  on  which 
the  loose  cotton  is  placed.  The  dye-liquor  is  heated  to  boiling- 
point  by  means  of  the  perforated  steam  pipes  D  and  E. 

When  the  liquor  commences  to  boil,  the  steam  is  turned  off  at 


Fig.  72.— Klauder-Weldon  Eaw 
Cotton  Dyeing  Machine. 
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E  ;  the  steam  escaping  through  the  perforations  in  the  pipes  D 
forces  the  dye-liquor  upwards  between  the  walls  of  the  vessel  A 
and  the  partitions  B  against  the  baffle-plates  F,  from  which  it  is 
distributed  over  the  material,  penetrating  it  in  a  downward  direc- 
tion. Thus  a  very  rapid  and  thorough  circulation  of  the  liquor 
through  the  material  is  obtained. 

The  Dreze  Machine,  which  in  its  action  resembles  an  open  boil- 
ing kier  with  puffer  pipe,  and  the  Schmidt  Machine  in  which  the 
dye-liquor  is  circulated  by  means  of  a  propeller  or  turbine  placed 
underneath  the  perforated  bottom  of  the  dye-vessel,  whilst  largely 
used  for  dyeing  of  loose  wool, 
are  little  used  for  raw  cotton 
dyeing  on  account  of  the 
material  becoming  packed  too 

tightly    and    thus    preventing  t)*4  Q^       -Hu 

free    circulation    of    the   dye- 
liquor. 

Machines  in  which  the  Matenul 
is  more  or  less  Tightly  Packed, 

The  first  machine  of  this 
type  was  invented  by  E.  Gessler 
and  built  by  Obermaier  & 
Company.  It  is  illustrated  in 
Fig.  74.  The  drawing  has  been 
supplied  by  Messrs.  Mather  & 
Piatt.  The  material  being 
tightly  packed  in  this  type  of  machine,  felting  or  matting  of  the 
fibres  cannot  take  place.  In  order  to  obtain  satisfactory  results 
it  is,  however,  essential  that  the  packing  be  carried  out  with  care 
and  in  such  a  manner  that  the  dye-liquor  evenly  penetrates  every 
part  of  the  material.  The  dye-liquor  must  be  absolutely  free 
from  undissolved  particles,  because  the  cotton,  acting  as  a  filter, 
would  retain  such  particles  and  become  unevenly  dyed. 

The  apparatus  consists  of  the  wood  or  iron  cistern  containing  the 
dye-liquor,  below  which  is  placed  the  centrifugal  pump  for  the 
circulation  of  the  liquor.  Inside  the  cistern,  and  over  the  delivery 
of  the  pump,  is  fixed  a  conical  seating,  upon  which  rests  a  perforated 
cylinder.  This  cylinder  consists  of  an  inner  and  outer  perforated 
casing,  between  which  the  loose  cotton  is  tightly  and  evenly  packed 


Fig.  73. — Rhodes  Dyeing 
Machine. 
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and  held  in  position  by  means  of  a  lid  forced  down  by  a  screw.  The 
centrifugal  pump  forces  the  dye-liquor  through  the  inner  per- 
forated casing  of  the  cylinder,  then  through  the  material,  and 


Fig.  74. — Obermaier's  Loose  Cotton  Dyeing  Machine. 

finally  through  the  perforations  in  the  outer  casing  into    the 
cistern  and  from  here  back  to  the  pump.    A  small  travelling  crane 
is  provided  for  lifting  the  cylinder  in  and  out  of  the  cistern.     For 
a  single  apparatus  a  runner  and  blocks  will  suffice. 
The  pumps  and  the  fittings  are  usually  made  of  brass,  the 
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cylinder  of  copper.  For  dyeing  sulphur  dyestuffs  the  whole 
apparatus  is  made  of  iron. 

If  it  is  desired  to  store  the  dye-liquor  after  dyeing,  an  overhead 
reserve  tank  is  provided,  which  is  connected  with  the  bottom  of 
the  dyeing  cistern,  and  by  means  of  a  special  three-way  valve,  the 
centrifugal  pump  can  be  employed  both  for  pumping  the  liquor 
to  the  overhead  reserve  tank,  and  for  circulating  it  through  the 
material. 

The  apparatus  is  built  in  various  sizes,  but  the  following  is  a 
convenient  size  :  Perforated  cylinder  2  feet  8  inches  diameter  by 
3  feet  6  inches  deep.  A  5-inch  centrifugal  pump  which  requires 
about  4  h.p.  to  drive  is  employed.  The  cylinder  is  capable  of 
holding  about  200  lbs.  of  loose  cotton. 

C.  G.  Haubold  has  constructed  an  apparatus  for  dyeing  loose 
materials  which  resembles  an  ordinary  hydroextractor.  The 
material  is  packed  into  the  cage  and  the  dye-liquor  is  introduced 
through  a  perforated  pipe  in  the  centre  of  the  cage.  After 
dyeing,  the  material  can  be  immediately  hydroextracted. 

A  machine  of  a  holding  capacity  of  1,800  lbs.  of  raw  cotton,  in 
which  the  dye-liquor  is  forced  through  the  material  by  means 
of  a  powerful  pump,  in  which  the  outer  perforated  casing  is  made 
in  sections,  has  lately  been  brought  into  the  market  by  Jean 
Schmitt  of  Belfort  (France). 

Dyeing  op  Cotton  Yarn. 

On  account  of  its  comparative  simplicity,  the  dyeing  of  cotton 
yam  in  the  hank  is  practised  to  a  far  greater  extent  than  dyeing 
in  the  shape  of  cops,  cheeses,  etc. 

Rectangular  vats,  provided  with  false  perforated  bottoms  of 
such  depth  that  the  hank,  when  placed  on  the  stick  and  sus- 
pended in  the  vat,  will  hang  freely  without  touching  the  bottom, 
are  generally  used.  The  vats  are  usually  made  of  pitch  pine, 
held  together  by  iron  bolts.  The  perforated  steam-pipe  enters  at 
one  end  of  the  vat  behind  a  wooden  partition.  In  some  vats  a 
closed  coil  may  be  provided  in  addition  to  the  perforated  pipe,  in 
order  to  avoid  dilution  of  the  dye-liquor  by  the  condensed  water. 
The  hanks  are  placed  on  sticks  by  means  of  which  they  are  sus- 
pended in  the  dye-liquor. 

Thus  five  or  ten  bundles  of  yarn  are  placed  into  the  vat  at  a 
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time  until  just  sufficient  space  is  left  at  the  end  for  turning 
the  hanks.  The  hanks  are  now  turned  either  by  hand  or  by 
passing  a  rod  ( broaching  stick )  through  the  hanks  below  the  stick, 
by  means  of  which  the  hanks  are  lifted  and  given  about  a  quarter 
turn.  In  this  manner  all  the  hanks  in  the  vat  are  turned  one 
stick-full  after  another.  It  is  the  usual  practice,  after  all  the 
hanks  have  been  turned,  to  lift  out  one  or  two  sticks  from  one 
end  and  to  transfer  the  hanks  to  the  other  end  of  the  vat.  A 
certain  number  of  "  turns"  are  given  until  the  dyeing  operation 
is  completed. 

The  hanks  are  then  rinsed,  if  necessary,  wrung  or  hydro- 
extracted  and  dried. 

Although  a  number  of  machines  have  been  suggested  for  dye- 
ing yarn  in  the  hank,  comparatively  speaking,  few  are  used  to  any 
large  extent.  As  compared  with  dyeing  in  the  ordinary  vat,  the 
initial  expense  of  the  machines  is  much  greater,  and,  unless  large 
quantities  of  yarn  have  to  be  dyed  to  the  same  shade,  dyeing  in 
machines  is  not  economical,  because  the  changing  from  one  colour 
to  another  entails  a  considerable  amount  of  time  and  labour  which 
is  lost  in  cleaning  the  machine. 

Machines  in  which  the  hanks  are  placed  on  revolving  copper  or 
porcelain  rollers,  similar  in  construction  to  the  hank  washing 
machines,  are  but  little  used. 

In  Corron^s  Hank  Dyeing  Machine  special  sticks  are  used  which 
have  a  frame  attached  to  them,  by  means  of  which  the  hanks  are 
lifted  out  of  the  liquor  and  partly  turned.  The  mechanical 
arrangement  is  rather  complicated. 

Spencer  employs  triangular  rods,  by  means  of  which  the  hanks 
are  turned,  and  which  are  carried  by  a  framework  which  enables 
the  hanks  to  be  entirely  lifted  out  of  the  vat.  Metal  rods  are 
placed  into  the  hanks  for  the  purpose  of  weighting  them. 

E.  Thoen  suggests  the  use  of  specially  designed  clips,  by  means 
of  which  the  spread-out  hanks  are  fastened  together  so  as  to  form 
a  long  band.  This  may  then  be  treated  in  a  jigger  or  in  any 
other  type  of  machine  employed  for  dyeing  cotton  piecegoods. 

The  Klauder-Weliion  Hank  Dgeing  Machine,  which  is  very 
extensively  used,  is  illustrated  in  Fig.  75.  The  machine  consists 
of  the  wooden  trough  containing  the  dye-liquor,  a  metal  reel, 
specially  constructed  for  carrying  the  yarn  and  a  wooden  covering 
to   prevent    the   hanks,  when   coming  out  of   the  liquor,  from 
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coming  into  contact  with  the  air.  In  the  ilhistration,  1  is  the 
trough  containing  the  dye-liq[iior,  2  a  false  back,  behind  which 
the  steam  pipe  8  enters.  The  reel  4  consists  of  three  metal  spiders 
which  consist  of  skeleton  frames,  to  which  are  fitted  two  series  of 
attachments  5  and  6,  for  holding  the  ends  of  the  square  and  round 
sticks  respectively,  on  which  the  hanks  7  are  placed.  The  dye- 
sticks  resting  in  the  outer  holders  of  the  spider  are  square,  whilst 
those  resting  in  the  inner  holders  are  round.  The  square  sticks 
are  left  square  at  one  end,  but  they  are  made  round  at  the  other. 


Fig.  75. — Klauder-Weldon  Hank  Dyeing  Machine. 

The  square  end  of  each  stick  of  the  two  series  fits  into  an  outer 
holder,  as  shown  in  the  detailed  drawing  on  the  right.  The 
round  end  of  each  stick  fits  into  holder  5  on  the  central  spider. 
By  means  of  this  arrangement  the  stick  is  turned  on  its  axis, 
and,  therefore,  the  hank  is  also  turned.  This  is  accomplished 
by  ha\4ng  the  holder  made  rotary.  Projections  8,  one  of  which 
always  projects  outwardly,  are  provided  on  all  four  sides.  As 
the  reel  revolves,  one  of  the  projections  comes  into  contact  with 
a  tripping  arrangement,  and  thus  the  holder  and  the  stick  are 
turned  one  quarter  revolution.     The  stick  is  held  in  position,  after 
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it  has  been  turned,  by  a  ratchet  9  and  pawl  10.  The  round  end  of 
the  stick  is  held  by  an  outer  holder  5  on  the  central  spider.  It  con- 
sists of  a  semi-circular  piece  11,  in  which  the  end  of  the  stick 
rests,  and  a  latch  12,  with  a  spring  18,  which  holds  the  stick  in 
its  place.  By  pressing  on  the  outer  end  of  the  latch,  in  the 
direction  of  the  arrow,  the  stick  may  be  placed  into  the  holder, 
or  taken  out  of  it.  The  round  sticks  are  made  round  at  both 
ends.  One  end  fits  into  the  holder  6,  the  other  into  a  corre- 
sponding hole  on  the  outside  spider.  These  sticks  are  not  driven, 
but  rotated  by  the  friction  of  the  yam.  The  machine  is  charged 
in  the  following  manner :  Each  hank  is  placed  on  one  square 
and  one  round  stick,  the  former  being  placed  into  the  machine 
first,  the  latter  last.  This  is  reversed  when  the  hanks  are 
removed.  After  the  hanks  have  been  placed  into  the  machine, 
they  are  tightened  by  means  of  a  lever  24,  which  is  connected 
to  the  movable  ring  25,  which  carries  the  holders  6.  After  the 
lever  has  been  pulled  as  tight  as  required,  it  is  secured  in 
position  by  letting  a  pin  27  into  a  groove  28,  directly  under- 
neath it  by  means  of  a  small  rod  29.  The  reel  is  attached  to 
shaft  80,  to  the  end  of  which  is  fastened  a  worm-gear  which 
causes  the  reel  to  rotate  slowly  in  the  direction  of  the  arrow  81. 
The  dye-liquor  is  fed  into  the  vat  through  the  perforated 
copper  pipe  82.  Two  sets  of  sticks  are  used ;  thus,  whilst  one 
set  is  in  the  machine  the  other  may  be  re-charged  with  yarn. 
Openings  in  the  wooden  cover  are  provided  on  each  side,  which 
are  covered  with  canvas  curtains  when  the  dyeing  operation  is  in 
progress.  Thus  the  steam  is  not  allowed  to  escape,  and  the 
yarn,  practically  speaking,  is  steamed  between  leaving  and  re- 
entering the  dye-bath.  For  dyeing  with  the  Sulphur  DyestuflFs 
the  machine  is  entirely  built  of  iron  and  the  cover  is  made 
watertight.  The  hanks  are  thus  completely  immersed  in  the 
dye-liquor  during  dyeing. 

The  machine  is  built  in  different  sizes ;  200  to  400  lbs.  of 
yarn  may  be  dyed  with  Sulphur  or  Vat  Dyestuffs,  and  400  to 
500  lbs.  with  other  dyestuffs,  in  one  operation.  Floor  space 
required,  13  feet  wide,  9  feet  3  inches  from  front  to  back, 
7  feet  8  inches  height  above  floor.  Power  required,  2  h.p. 
Amount  of  dye-liquor,  3,000  gallons  when  the  material  is  entirely 
submerged,  1,700  gallons  when  not  submerged. 

Cotton  yam  may  also  be  dyed  in  machines  in  which   it   is 
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tightly  packed,  and  the  dye-Uquor  forced  through  the  material 
by  means  of  powerful  centrifugal  pumps.  Such  machines  have 
been  described  under  "Cop  Dyeing"  and  "Loose  Cotton 
Dyeing.'* 

Drying  of  Cotton  Yarn. 

Drying  by  exposure  to  the  air  gives,  in  many  instances,  the 
best  results,  because  the  water  is  not  completely  removed,  and 
the  yarn  is,  therefore,  after  drying,  in  the  proper  "  condition." 
The  process  is,  however,  slow,  and  requires  a  considerable 
amount  of  space.  Cotton  yarn  may  be  dried  in  ordinary  stoves 
in  which  the  yarn  is  suspended  on  poles.  Steam  radiators, 
over  which  the  air  passes  when  entering  the  stove,  are  usually 
placed  below  a  lattice  floor,  and  an  exhaust  fan  may  be 
provided  in  the  roof  of  the  chamber. 

A  drying  stove  which  may  be  used  both  for  drying  and  for 
ageing  aniline  black  has  been  described  under  "  Aniline 
Black,"  p.  838. 

A  Hank  Di-ying  Machine,  by  means  of  which  the  yam  may 
be  rapidly  dried  at  a  low  temperature,  is  shown  in  Figs.  76  and 
77  (Messrs.  C.  G.  Haubold  jun.,  G.m.b.H.).  It  consists  of  a 
vertical  axle  a,  which  carries,  both  at  the  top  and  bottom,  twelve 
radial  arms  b,  between  which  are  fixed  twelve  wooden  frames  c. 
Each  of  these  frames  carries  four  or  six  round  wooden  poles  d, 
which  carry  the  yam  and  which  can  be  readily  taken  out  of  the 
frames. 

The  upper  poles  are  fixed,  whilst  the  positions  of  the  lower 
ones  can  be  adjusted  by  means  of  screws,  in  accordance  with  the 
length  of  the  hanks. 

According  to  the  number  of  poles  used,  two  or  three  lots  of  yarn 
may  be  placed  on  the  machine  at  one  time.  The  frame  is  driven 
by  pulleys  gf,  the  shaft/,  and  the  bevel  wheels  e.  Steam  radiators 
are  placed  below  the  machine.  About  1,000  lbs.  of  cotton  yarn 
can  be  dried  on  one  of  these  machines  per  day.  Power  required, 
li  h.p. 

Machines  for  a  smaller  production  are  also  built  in  which  the 
axle  carrying  the  arms  is  placed  horizontally.  In  this  type,  the 
frames  are  dispensed  with.  One  of  the  poles  carrying  the 
hanks  is  supported  near  the  axis,  the  other  near  the  periphery 
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FlOS.  T6,  77. — El^viktiuii  and  Plau  of  Uaubold'a  Hank 
Drying  Machine. 

of  the  machine.  In  machines  of  this  type,  which  are  also  used 
for  the  ageing  of  Aniline  hlack,  the  poles  near  the  axis  revolve 
slowly ;  thus  the  hanks  ure  continuously  turoeil. 

The   Coitiinaotis   Hunk    JUryiitij    Machine    of  A.  MonLforts  is 
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illustrated  in  Fig.  78.  It  is  particularly  suited  for  the  drying 
of  sized  yarn.  During  its  passage  through  the  machine,  the  yarn 
is  repeatedly  shaken  in  order  to  keep  it  soft  and  to  prevent 
the  threads  from  sticking  together. 

The  hank  is  placed  on  two  sticks  which  are  placed  at  V  on 
the  two  travelling  chains  in  such  a  manner  that  one  of  the 
sticks  is  carried  by  the  fixed  bearing  a,  the  other  by  the  movable 
bearing  b.  In  order  to  facilitate  the  charging  of  the  machine 
and  the  removal  of  the  hanks,  when  dry,  the  distance  between 
the  two  bearings  a  and  b  is  automatically  reduced,  when  the 
chains  arrive  at  V. 

The  hanks  are  now  conducted  into  the  stove,  in  which  they 
travel  six  times  forward  and  backward.  During  this  time 
the  sticks  are  continuously  turned,  and  by  means  of  the 
arrangement,  shown  in  the  detailed  sketch  below  the  machine, 
the  hanks  are  shaken  from  time  to  time.  The  length  of  the 
machine  is  9*250  m.,  the  width  I'Sm.,  and  the  height  3'8m. 
1,000  to  1,200  lbs.  of  heavily  sized  yarn,  or  a  correspondingly 
larger  quantity  of  dyed  or  bleached  yarn  may  be  dried  in  one 
machine  in  10  hours. 

tn  Fig.  79  the  PKC  pat  Dryer  of  Paul  Klug  is  illustrated,  in 
which  yarn,  cops  or  loose  cotton  may  be  dried.  It  is  claimed 
for  this  drying  stove  that  the  dried  material  is  obtained  in  a 
softer  condition,  and  that  it  requires  no  "  conditioning "  after 
drying.  The  wet  material  comes  into  contact  with  the  hottest 
air,  whilst  in  the  advanced  stage  of  the  drying  moderately  heated 
air  is  used.  The  wet  material  is  placed  into  boxes  or  on 
trays  a,  which  are  pushed  into  the  preliminary  drying  chamber, 
near  the  bottom  of  the  chamber.  The  boxes  move  upwards 
whenever  a  new  box  is  placed  into  the  chamber.  At  the  same 
time,  the  box  at  the  top  moves  automatically  into  the  second 
drying  chamber  c,  in  which  the  boxes  move  downwards.  The 
boxes  containing  the  dried  material  are  finally  removed  at  the 
bottom  of  chamber  c.  The  hot  air  circulates  through  the 
chambers  in  the  direction  of  the  arrows  on  the  dotted  line.  It 
passes  first  over  the  steam  pipes  in  the  heating  chamber  d^ 
then  in  an  upward  direction  through  chamber  c,  from  whence 
it  is  conducted  over  a  larger  number  of  steam-heated  pipes  in 
heating  chamber  e.  The  hot  air  now  passes  into  chamber  6, 
where  it  meets  the  freshly  introduced  wet  material,  and  through 
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which  it  passes  in  an  upward  direction.     It  is  finally  discharged 
at  the  top  of  this  chamber. 

A  machine  working  with  sixteen  boxes  is  capable  of  drying  the 
following  quantities  of  material  in  10  hours :  Cotton  waste,  990 
to  1,320  lbs. ;  cheeses,  1,155  to  1,210  lbs. ;  cops,  1,320  to 
1,430  lbs. ;  hanks,  1,045  to  1,100  lbs.  A  machine  of  this  capacity 
has  a  length  of  15  feet  6  inches,  width  6  feet  9  inches,  and  height 
11  feet.  The  fan  which  supplies  the  air  makes  1,500  revolutions 
per  minute.  Machines  are  constructed  which  are  capable  of 
drying  8  to  4  tons  of  material  per  day. 

Cop  Dyking. 

The  dyeing  of  cotton  yarn  in  the  cop,  as  compared  with 
dyeing  in  the  hank,  offers  certain  advantages.  Time  and 
labour  required  in  reeling  the  cops  into  hanks  and  in  winding 
the  hanks  into  cops,  previous  to  weaving,  are  saved,  and  a  certain 
loss  of  material  inherent  to  these  operations  is  avoided.  On 
the  other  hand,  a  considerable  initial  outlay  is  necessary  in 
connection  with  the  machinery  required,  and  whilst,  practically 
speaking,  every  dyestuflf  can  be  employed  in  dyeing  cotton  yarn 
in  the  hank,  a  considerable  number  of  dyestuflfs,  such  as  the 
Alizarines,  Aniline  black,  Para-red,  Catechu  brown,  etc.,  cannot 
be  conveniently  employed  for  dyeing  cops. 

Satisfactory  results  in  cop  dyeing  depend  to  a  large  extent 
upon  the  type  of  apparatus  employed,  the  manner  in  which 
it  is  used,  the  careful  handling  of  the  material,  i.e.,  the  packing 
or  the  skewering  of  the  cops,  and  last,  but  not  least,  upon  the 
dyestuflfs  employed.  It  is  essential  that  the  dyestuflfs  should 
be  perfectly  solul)le,  and  that  they  should  exhaust  slowly.  In 
cop  dyeing  we  are,  therefore,  practically  restricted  to  the  use 
of  the  substantive  cotton  dyestuflfs  (some  of  which  may  be 
diazotised  and  developed  or  coupled),  the  sulphur  dyestuflfs,  the 
vat  colours  and  the  basic  dyestuflfs.  The  latter  class  of  dye- 
stuflfs frequently  presents  diflficulties  as  regards  level  dyeing. 

The  uncertainty  of  regularly  obtaining  satisfactory  results 
should  also  be  mentioned  when  comparing  cop  dyeing  with 
dyeing  in  the  hank,  because  failure  may  be  frequently  due  to 
only  one  of  the  many  possible  causes. 

Although  the  experience   in  cop   dyeing  has  in   many  cases 
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been  dearly  bought,  we  have  now  improved  machinery  at  our 
disposal  which  enables  a  number  of  firms  to  carry  on  cop  dye- 
ing with  very  satisfactory  results.  The  manufacturer  who  does 
the  dyeing  for  his  own  looms,  will  usually  find  cop  dyeing  to 
be  a  remunerative  business. 

The  large  number  of  cop  dyeing  machines  which  have  been 
invented  may  be  divided  into  two  classes :  (a)  machines  con- 
structed on  the  Packing,  or  Solid  Skewer  System,  and  (b) 
machines  constructed  on  the  Perforated  Skewer  System.  The 
former  have  developed  out  of  the  machines  of  the  **  Obermaier  " 
type  for  dyeing  loose  cotton. 

Packing  System, 

In  the  machines  belonging  to  this  system  the  cops  are  tightly 
packed  into  boxes,  varying  in  shape,  and  the  dye-liquor  is  forced 
through  the  material  by  means  of  powerful  pumps,  or  by  centri- 
fugal force.  The  Obermaier  Machine  and  the  Middleton  Machin^^ 
which  differ  in  the  arrangement  of  the  boxes,  will  be  fully  described. 
As  regards  the  dye-vessel  and  the  arrangement  of  the  centrifugal 
pump,  the  machines  resemble  the  one  described  for  dyeing  loose 
cotton,  Fig.  74,  p,  344.  The  dye-vessel  is,  however,  usually 
square  in  shape,  and  in  place  of  forcing  the  dye-liquor  from 
the  pump  into  a  perforated  cylinder,  the  delivery  pipe  of  the 
pump  is  connected  with  the  square  boxes  (usually  six  or  eight  in 
number)  containing  the  cops  through  which  the  liquor  is  forced 
from  below  in  a  vertical  direction. 

In  the  Middleton  machine  the  eight  boxes  are  placed  upright, 
in  two  rows  in  a  frame,  in  such  a  manner  that  a  central  chamber 
is  formed,  into  which  the  dye-liquor  is  forced  and  from  which  it 
passes  horizontally  through  the  cops.  This  arrangement  allows 
the  turning  of  the  boxes,  from  time  to  time,  in  order  to  force  the 
liquor  through  the  cops  alternately  in  opposite  directions.  The 
boxes  and  the  entire  machine  are  usually  made  of  phosphor 
bronze  or  of  iron  or  "  nickelin,'*  when  used  for  dyeing  with  the 
sulphur  dyestuffs. 

Previous  to  packing  the  cops  into  the  boxes,  a  skewer  made  of 
thick  lead  wire,  hard  rubber  or  wood,  is  introduced  into  each  cop. 

The  greatest  care  should  be  exercised  so  as  to  pack  the  cops 
into  the  boxes  as  uniformly  as  possible  in  order  to  ensure  even 
penetration  of    the   dye-liquor.       The  manner  of  packing   one 
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of  the  boxes  with  large  twist'Cops  (ten  cops  per  lb.)  is  shown 
in  Fig.  80  (transverse  section)  and  in  Fig.  81  (longitudinal 
section).  The  bottom  of  the  box  consists  of  a  perforated  plate 
upon  which  rests  a  fairly  coarse  wire-gauze.  A  piece  of 
calico,  which  should  be  large  enough  to  allow  it  to  be  wrapped 
entirely  round  the  cops,  is  then  placed  into  the  box.  The 
packing  is  then  commenced  by  first  placing  a  small  quantity 
of  cotton  waste  or  a  cotton  hank  at  the  end  of  the  box,  near  I, 
upon  which  are  then  placed  seven  cops  side  by  side  in  such  a 
manner  that  the  cop  "bottoms"  touch  the  end  of  the  box. 
The  remaining  space  at  the  side  is  filled  out  by  a  piece  of  wood, 
the  shape  of  half  a  cop.  Seven  cops  forming  layer  2  are  then 
placed  into  position  with  their  "  noses  "  towards  the  noses  of 
layer  1.  The  space  on  the  opposite  side  is  again  filled  by  a 
piece  of  wood.  Layer  8  is 
now  packed  in  such  a 
manner  that  the  bottoms 
of  the  cops  are  placed 
against  the  end  of  the  box. 

Here,  as  in  layer  1,  a  small     Figs.  80,  81.— Transverse  and  longi- 
, .,        .  ,  VI  tudinal  section  of  Cop  Box  packed 

quantity  of  waste  or  a  hank  ^^^^  ^.^pg^  ^        ^ 

is  placed  underneath  the  cop 

bottoms.  The  packing  of  the  next  layer  is  now  commenced 
at  II,  4,  followed  by  5  and  6.  The  next  layer  is  commenced 
at  III,  7,  layer  IV  at  10,  V  at  13,  and  the  last  layer,  VI,  at  16. 
Smaller  cops,  such  as  ordinary  pincops,  are  packed  in  the 
same  manner.  Four  or  five  layers  will  be  required  length- 
ways, whilst  eight  or  nine  layers  may  be  necessary  to  fill 
the  box  completely.  Before  packing  the  last  layer  into  the 
box,  it  may  be  necessary  to  press  the  cops  down.  The  cloth 
is  finally  lapped  round  the  cops  and  the  boxes  are  transferred 
to  a  steam-chest,  in  which  they  are  steamed  for  15  minutes 
to  half  an  hour  at  a  pressure  of  2  to  3  lbs.  The  cops  are 
now  tightly  pressed  into  the  box,  the  wire  gauze  and  the 
perforated  plate  are  placed  on  to  the  top  and  secured  by 
means  of  wedges. 

A  machine  with  eight  boxes  will  hold  about  100  lbs.  of  cops. 
Cross-wound  spools  are  usually  placed  flat  into  the  boxes,  either 
six  or  eight  in  one  layer  and  two  or  three  layers  high.  It  is 
advisable  to  use  more  waste  in  packing  spools  than  in  packing  cops. 
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The  boxes  containing  the  cops  are  now  transferred  to  the 
machine,  in  which  they  are  securely  screwed  down.  The  centri- 
fugal pump  should  be  suflSciently  powerful  to  produce  a  pressure 
of  about  5  to  8  lbs.  in  the  machine.  It  usually  makes  about 
700  revolutions  per  minute.  It  is  difficult  to  obtain  satisfactory 
results  if  the  pressure  is  either  above  8  lbs.  or  below  5  lbs. 
The  cops  may  be  washed  in  the  machine  after  dyeing,  and  the 
boxes  are  then  placed  into  a  special  hydroextractor  in  order  to 
remove  excess  of  water. 

Cop  dyeing  machines,  in  which  the  cops  are  packed  into  boxes 
which  are  placed  into  a  hydroextractor,  have  been  patented  by 
J.  C.  Hamer  and  by  H.  Judenburg.  The  dye-liquor  is  introduced 
into  the  centre  of  the  cage  and  passed  through  the  cops  by  means 
of  centrifugal  force. 

A  special  cop  dyeing  machine  has  been  patented  by  B.  Cohnen. 
It  is  recommended  for  dyeing  with  dyestuflfs  which  oxidise  readUy 
if  brought  into  contact  with  the  air.  The  cops  are  packed  into 
boxes  which  are  placed  into  the  cage  of  a  hydroextractor.  The 
dye-liquor  is  forced  through  the  cops  by  means  of  a  powerful 
centrifugal  pump.  The  liquor  supply  pipes  are  removed  and  the 
openings  hermetically  closed,  as  soon  as  the  dyeing  has  been 
completed.  The  cage  is  then  revolved  rapidly,  and  the  cops 
are  hydroextracted  without  coming  into  contact  with  the  air. 
The  lid  of  the  machine  is  now  removed  and  hydroextracting 
continued  in  order  to  force  air  through  the  material  and  to 
oxidise  the  dyestuflF. 

Of  the  other  machines  which  belong  to  the  packing  My^tem, 
those  of  G.  de  Keukelaere  and  of  H.  Schirp  should  be  mentioned. 
The  dye-vessel  and  the  arrangement  of  the  centrifugal  pump  are 
similar  to  that  of  the  Obermaier  apparatus.  The  cops  or  cheeses 
are  packed  into  two  large  boxes,  which  are  placed  together  so  as 
to  form  a  chamber  in  the  centre.  The  sides  of  this  chamber  are 
perforated  and  the  material  is  held  in  position  in  the  two  boxes 
by  means  of  perforated  plates.  The  boxes,  when  filled  with  the 
material,  are  placed  into  the  dye-vessel  and  a  connection  is  made 
between  the  inner  chamber  and  the  delivery  pipe  of  the  cen- 
trifugal pump.  The  dye-liquor  is  now  forced  into  the  central 
chamber,  and  from  here  through  the  material.  8  to  4  cwts.  of 
cops  may  be  dyed  in  one  operation. 

In  order  to  dispense  with  the  cotton  waste  or  the  hanks  which 
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are  necessary  in  packing  the  cops  into  the  boxes,  De  Keukelaere 
patented  the  use  of  sand  for  filling  the  interstices  between  the 
cops.  Some  difficulty  seems,  however,  to  have  been  found  in 
removing  the  particles  of  sand  from  the  cops  after  dyeing. 

F.  Mommer  &  Co.  also  constructed  a  cop  dyeing  apparatus  in 
which  the  cops  are  tightly  packed  into  a  large  box. 

Perforated  Skeicer  System. 

In  this  type  of  machine  each  cop  is  placed  on  a  perforated 
skewer  into  which  the  dye-liquor  is  forced  and  from  which  it 
passes  outwards  through  the  cop,  or  suction  is  applied,  and  thus 
the  dye-liquor  passes  from  the  outside  through  the  cop  into  the 
skewer.  The  end  of  each  skewer  is  inserted  in  a  perforated 
cylinder  or  plate.  In  nearly  all  the  modern  machines  pressure 
and  suction  can  be  applied  alternately. 

Each  cop  being  separately  dyed,  the  danger  of  producing  uneven 
shades  is  not  as  great  as  is  the  case  in  the  packing  system,  in 
which  the  upper  layer  of  cops  acts  as  a  filter.  Samples  can  be 
much  more  readily  taken,  less  force  is  required  in  order  to 
penetrate  the  material,  and  excess  of  dye-liquor  can  also  be  more 
readily  removed  by  suction  when  dyeing  on  perforated  skewers. 

Perforated  skewers  are,  however,  expensive  and  fragile,  and, 
therefore,  frequently  broken,  and  the  perforations  often  become 
stopped  up  by  loose  fibres  or  by  colour  particles  which  causes  the 
circulation  of  the  dye-liquor  to  become  uneven,  with  the  result 
that  white  or  light-coloured  places  appear  in  the  cops.  The 
greatest  care  has  also  to  be  exercised  in  order  to  skewer  the 
cops  properly. 

The  machines  of  Crippin  and  Young,  and  of  Graemiger,  the 
latter  improved  by  Graemiger,  Whitehead,  Mason  and  Leigh,  were 
among  the  first  machines  working  on  the  perforated  skewer 
principle.  In  the  Graemiger  Machine  the  skewers  carrying  the 
cops  are  inserted  into  two  circular  discs  (cop-cairiers)  which  fit 
against  the  walls  of  four  chambers.  The  two  lower  chambers  are 
immersed  in  the  dye-liquor  and  connected  to  a  powerful  suction 
pump.  The  discs,  when  filled  with  cops,  perform  a  quarter 
revolution,  and  whilst  opposite  the  two  lower  chambers,  the  dye- 
liquor  is  sucked  through  the  material.  When  the  discs  have 
performed  the  third  quarter  revolution,  the  cops  are  brought 
opposite  one  of  the  upper  chambers,  to  which  suction  is  applied 
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by  means  of  which  excess  of  dye-liquor  is  removed.  After  the 
fourth  quarter  revolution,  the  cops  are  taken  away  and  skewers 
with  fresh  cops  are  inserted  into  the  discs. 

In  a  later  type  of  machine  invented  by  Graemiger  the  cops  are 
placed  on  rectangular  plates  which  slide  into  the  dye- vessel,  with 
the  walls  of  which  they  form  two  chambers,  to  which  suction  is 
applied.  In  lifting  the  plates  out  of  the  machine,  after  dyeing 
has  been  completed,  they  slowly  pass  over  two  other  chambers 
connected  to  a  suction  pump  by  means  of  which  the  excess  of  dye- 
liquor  is  removed. 

In  Bmunwnt's  Machine  the  cop-carrier  consists  of  a  circular 
perforated  plate  which  is  placed  horizontally  into  the  dye-vessel. 
The  suction  pipe  of  a  Beaumont  pump  is  connected  to  the  cavity 
formed  below  the  cop-plate.  The  dye-liquor  after  having  been 
sucked  through  the  cops  is  delivered  back  into  the  vessel.  The 
machine  is  provided  with  a  cover  which  can  be  tightly  screwed 
down  in  order  to  allow  of  the  dyeing  operation  being  carried 
on  under  pressure. 

The  Wolf  Cop  Dyeing  Machine  differs  from  the  Beaumont 
Machine  in  that  three  cop  plates  are  placed  one  above  the  other. 
One  side  of  the  machine  can  be  taken  out  in  order  to  allow  of  the 
cop  plates,  which  are  conveyed  on  small  waggons,  being  readily 
placed  into  and  removed  from  the  machine. 

The  cop  dyeing  machines  constructed  by  the  Zittauer  Maschinen 
Fabrik  (Schubert's)  and  by  U.  Pornitz&Co.,  allow  the  liquor  to  be 
alternately  sucked  and  pressed  through  the  cops,  a  decided  advan- 
tage over  the  systems  in  which  the  liquor  travels  in  one  direction 
only. 

A  Pornitz  Machine  is  illustrated  in  Fig.  82.  The  cop-carriers 
consist  of  perforated  cylinders  into  which  the  skewers  are 
inserted.  Special  cylinders  are  provided  for  twist-cops,  pin-cops 
and  for  cross- wound  spools  respectively. 

In  the  illustration  one  of  the  cylinders  is  used  as  a  cop-carrier, 
whilst  in  the  other  cotton  hanks,  warps  or  loose  cotton  may  be 
packed  in  the  same  manner  as  described  under  "  Loose  Cotton 
Dyeing  "  in  the  Obermaier  apparatus.  The  apparatus  is  usually 
made  of  copper,  except  for  dyeing  the  sulphur  dyestuffs,  when  it  is 
entirely  constructed  of  iron.  Two  cop-cylinders  are  generally 
placed  into  one  dye-vessel  and  a  powerful  centrifugal  pump  is 
provided  for  the  circulation  of  the  liquor.     The  direction  of  the 
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dye-liquor  through  the  cops  can  be  readily  reversed  from  time  to 
time  by  means  of  two  three-way  valves.  Provision  is  also  made 
for  removing   the  dye-liquor  from  the  vessel  after  the  dyeing 
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operation  has  been  completed,  and  the  apparatus  is  also  usually 
connected  either  to  a  compressed  air  or  a  vacuum  cylinder  by 
means  of  which  the  excess  of  dye-liquor  can  be  readily  removed 
from  the  cops.  It  is,  therefore,  not  necessary  to  hydroextract  the 
material  after  dyeing  and  before  placing  it  into  the  drying  stove. 
The  power  required  to  work  one  machine  is  about  3J  h.p.,  and 
the  dimensions  are:  length  2,700  mm.,  width  1,800  mm., 
height  1,400  mm.  The  following  quantities  of  material  can  be 
dyed  in  a  machine  provided  with  two  cop-cylinders  in  one  opera- 
tion :  1,520  pin-cops  or  972  twist-cops,  or  160  cheeses.  The 
apparatus  may  also  be  connected  with  the  steam  supply  in  order 
to  allow  the  cops  to  be  steamed  previous  to  dyeing. 

A  new  Patent  Cop  Dyeing  Machine  of  Messrs.  Mather  &  Piatt 
is  illustrated  in  Fig.  83.  It  is  specially  suited  for  dyeing  with  the 
sulphur  dyestuffs,  because  neither  the  material  nor  the  liquor  comes 
into  contact  with  the  atmosphere  during  dyeing.  The  cop-carrier 
consists  of  a  perforated  cast-iron  drum  or  cylinder,  which,  when 
filled  with  cops,  is  enclosed  by  a  perforated  casing  made  of 
special  metal  and  lowered  on  to  a  seating  in  the  dyeing  cistern, 
the  lid  of  which  is  afterwards  closed  and  bolted  down.  The  air 
is  exhausted  by  means  of  an  ejector  both  from  the  dyeing  cistern 
and  the  receiver,  and  the  liquor  is  then  allowed  to  flow  from  the 
liquor  tank  until  both  vessels  are  rather  more  than  half  full. 
The  steam  is  then  turned  on,  and  the  liquor  is  forced  out  of  the 
receiver  into  the  inside  of  the  cop-cylinder  and  through  the 
perforated  skewers  and  the  cops  into  the  dyeing  cistern  until  the 
drum  and  the  material  are  completely  immersed  in  the  liquor. 
By  means  of  an  automatic  arrangement  operated  by  a  float  in 
the  receiver,  the  steam  connections  to  the  receiver  and  the  dyeing 
cistern  are  now  reversed,  and  thus  the  liquor  is  forced  out  of  the 
cistern  through  the  cops  back  into  the  receiver.  The  flow  of 
liquor  is  reversed  about  40  times  per  minute.  After  the  dyeing 
operation  is  completed,  the  liquor,  if  required  for  future  use,  is 
allowed  to  run  into  the  liquor  tank.  Excess  of  moisture  is  extracted 
from  the  cops  by  causing  a  pressure  of  steam  to  accumulate  in 
the  dyeing  cistern,  then  suddenly  opening  a  large  valve  which  is 
in  connection  with  the  inside  of  the  cylinder,  thus  relieving  the 
pressure  and  allowing  the  steam  to  blow  the  liquor  out  of  the 
cops  into  the  liquor  tank.  The  cop-cylinder  is  then  removed 
from  the  dyeing  cistern  by  means  of  a  lifting  arrangement,  placed 
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on  its  side,  the  outer  perforated  casing  which  holds  the  cops  in 
position  during  dyeing  is  removed,  when  the  cops  readily  drop 
out  into  boxes  in  which  they  are  conveyed  to  the  drying  stove. 
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When  dyeing  in  the  cold,  a  centrifugal  pump  is  employed,  in 
place  of  steam  pressure,  for  circulating  the  liquor.  The  flow  of 
the  dye-liquor  is  reversed  by  operating  a  special  valve.  The 
machine  can  be  employed  for  dyeing  cops  spun  either  on  mules 
or  on  ring  frames ;  in  the  latter  case  it  is  necessary  to  spin  the 
yarn  on  perforated  "  nickelin  ''  tubes  which  fit  the  spindles  of  the 
ring  frames,  instead  of  spinning  on  the  ordinary  pirn.  Cross- 
wound  bobbins  or  cheeses,  wound  soft  on  to  perforated  paper 
tubes,  can  also  be  dyed  in  this  machine.  50  lbs.  to  130  lbs.  of 
cops  may  be  dyed  at  one  time  and  the  pump  requires  from  3  to 
4  h.p.  to  drive. 

Cheeses  or  cross-wound  bobbins  can  be  dyed  on  any  of  the 
machines  descril^ed  by  em^^loying  suitable  skewers.  The  liquor 
penetrates  much  more  readily  and  fewer  difficulties  are,  therefore, 
experienced  in  dyeing  cheeses  than  in  dyeing  cops. 

Special  machines  for  dyeing  cheeses  have  been  constructed  by 
Holle  &  Co.,  and  by  Mather  &  Piatt.  In  the  former,  two  cheeses 
are  placed  on  one  skewer,  whilst  in  the  latter  the  cheeses  are 
packed  into  a  perforated  cylinder  (not  unlike  the  cylinder  used  in 
an  Obermaier  loose  cotton  dyeing  machine),  which  revolves  slowly. 
The  dye-liquor  is  forced  from  the  outside,  through  the  material, 
towards  the  centre  of  the  cylinder. 

Drying  op  Cops. 

Cops  may  be  dried  in  special  drying  machines,  such  as  King's 
(Fig.  79,  p.  352),  or  they  may  be  placed  on  hurdles  and  dried 
in  ordinary  stoves.  The  temperature  in  the  stove  should  not 
be  too  high  and  the  air  should  not  circulate  too  freely,  or  certain 
colours  will  produce  "  bronziness  "  on  the  outside  of  the  cops. 

It  is  advisable  to  cover  the  cops,  whilst  in  the  drying  stove, 
with  a  thin  cloth  in  order  to  prevent  unevenness. 

The  cops  are  usually  conditioned  after  drying.  For  this 
purpose  they  are  placed  into  large  wicker  baskets,  covered  with 
a  damp  cloth,  and  allowed  to  remain  in  a  cellar,  or  room,  con- 
taining a  moist  atmosphere,  for  two  to  three  days.  This  is 
particularly  necessary  with  cops  which  have  been  dyed  in 
machines  in  which  they  have  been  tightly  packed,  because  the 
cops  have  usually  been  pressed  out  of  shape.  The  cop  again 
obtains  its  original  roundness  as  soon  as  it  has  been  allowed 
to  absorb  the  necessary  amount  of  water. 
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Foam  Dyeing. 

In  P'oain  Dijeing,  first  suggested  by  C.  Wanke,  the  material 
is  not  actually  brought  into  contact  with  the  dye-liquor,  but  is 
dyed  by  the  coloured  foam  produced  by  boiling  the  dye-liquor. 
This  method  is  suited  for  dyeing  hanks  and  cheeses,  but  it  does 
not  give  satisfactory  results  when  applied  to  cops.  The  simple 
apparatus  shown  in  Fig.  84 
consists  of  a  wooden  box, 
1  m.  square  by  1*6  to  1*8  m. 
high,  which  is  provided  with 
a  closed  steam  coil,  4  to 
5  cm.  diameter.  The  material 
(about  IJ  to  2  cwt.)  is  placed 
into  a  cage  made  of  lattice 
work,  supported  by  feet,  by 
means  of  which  it  is  raised 
about  0*25  m.  from  the  floor 
of  the  dye-vessel. 

The  dye-liquor  in  the  vat 
must  not  reach  up  to  the 
bottom  (A  the  cage.  In  order 
to  produce  frothing  of  the 
liquor,  a  small  quantity  of 
soap  or  Turkey-red  oil  is 
added.  No  salt  should  be 
added  when  dyeing  with  the 
substantive  cotton  dyestuflfs, 
whilst  the  necessary  amount 
of  sodium  sulphide  should  be 
added  w^hen  sulphur  dyestufifs 
are  used. 
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Fig.  84. — Foam  Dyeing  Apparatus. 


The  dyeing  operation  is  carried  out  as  follows  :  The  dye-liquor 
in  the  vat  is  heated  to  the  boil,  the  cage  containing  the  dry 
cheeses  or  hanks  is  placed  into  the  vat,  and  sufficient  steam  is 
turned  on  in  order  to  keep  the  material  practically  covered  by 
the  foam. 

Although  the  amount  of  steam  consumed  is  considerable, 
foam  dyeing  is  extensively  used,  chiefly  on  account  of  the 
simplicity  and  the  cheapness  of  the  apparatus. 
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Dyeing  of  Cotton  Warps. 

Sometimes  cotton  is  dyed  in  the  hank  and  afterwards  macle 
into  warps.  It  is,  however,  more  convenient  and  much  cheaper 
to  dye  the  warp  in  special  warp  dyeing  machines.  According 
to  the  number  of  compartments  or  boxes  through  which  the 
warp  has  to  pass  we  have  singk-hox,  two-box,  three-box,  and 
four -box  warp  dyeing  mucliines. 

For  dyeing  special  colours,  such  as  catechu  brown,  logwood 
black,  etc.,  warp  dyeing  machines  consisting  of  even  a  larger 
number  of  boxes  are  used.   (See  **  Catechu  '*  and  **  Logwood.") 

Fig.  85  illustrates  a  Four-Box  Waii^  Dyeing  Machine  of 
J.  Jackson,  of  Todmorden. 

It  consists  of  three  dye-becks  made  of  pitch  pine,  3  inches  thick 


4- 


Xi'.O' 


\..S9mJm 


Fig.  85.— Four-Box  Wari)  Dyeing  Machine. 


provided  with  the  necessary  steam -heating  pipes,  guide  rods, 
and  draw-oflf  valves.  Each  compartment  is  fitted  with  four 
copper  guide  rollers  above  and  five  below  the  surface  of  the  dye- 
liquor.  Squeezing  rollers — the  bottom  ones  made  of  iron,  the 
top  ones  of  sycamore — are  placed  between  each  compartment, 
and  also  at  the  delivery  end  of  the  machine.  Pressure  is  applied 
to  the  rollers  by  means  of  screws  and  springs,  or,  in  some 
machines,  by  levers  and  weights.  The  warps  travel  in  the 
direction  of  the  arrow,  over  the  lattice-work,  into  the  first 
box.  They  are  guided  up  and  down  over  the  copper  rollers,  then 
through  the  first  set  of  squeezing  rollers  into  the  second  box, 
and  so  on,  until  they  leave  the  machine,  after  having  passed 
through  the  last  set  of  squeezing  rollers.  The  boxes  may  all 
contain  the  same  kind  of  liquor  or  they  may  be  charged  with 
different  liquors.  The  dimensions  of  the  machine  and  the 
diameter  of  the  rollers  are  given  in  the  sketch.    The  speed  of  the 
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bottom  equeezing  rollers  is  about  30  revolutioDS  per  minute, 
and  two  to  six  warpa  are  passed  through  the  machine  at  one 
time.     Some  colours  may  be  dyed  in  a  aingle  passage  through 
the  machine  (one  end),  whilst 
others    require    two    or    more 


The  top  guide  rollers  should 
be  placed  below  the  surface  of 
the  dye-liquor  if  the  machine 
is  to  be  used  for  dyeing  with 
the  sulphur  dyestufFs. 

Cotton  warps  are  now  fre- 
quently dyed  on  the  beam  in 
special  machines  working  on 
the  principle  of  the  "Pornitz  "  _ 
or  the  "  Zittan "  cop  dyeing 
apparatus.  Figs.  66  and  87 
illustrate  a  War-p  Dyeing 
Machine  of  U.  Pomitz,  in 
which  the  warp  is  treated  in 
a  closed  vessel.  The  machine 
ia  particularly  suited  for  dyeing 
with  the  sulphur  dyestuffs.  It 
consists  of  the  cylindrical  dye- 
vessel  A,  provided  with  a  steam 
heating  coil,  which  can  be 
hermetically  closed  by  means 
of  lid  B.  The  dye-liquor  is 
alternately  pressed  and  sucked 
through  tlie  warp  by  means  of 
the  steam  duplex  pump  C,  and 

the  three-way  valves  D  and  E.  ^, 

nil  I  I'lGs.      8().      KT.  —  Elevation     and 

The  warps  are  wound  on  per-  pimi  of  To 

foratedbeamsand small  waggons  Machine. 

are  used  for  transporting  the 
same.  After  the  warp  has  been  placed  into  position  in  the  dye- 
vessel  A ,  the  lid  B  is  closed  and  the  dye-liquor  is  alternately 
pressed  and  suclied  through  the  warp.  In  order  to  conduct  the 
washing  in  the  apparatus,  it  should  be  connected  to  a  high- 
pressure  water  supply.    For  the  purpose  of  removing  excess  of 
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moisture  compressed  air  may  be  introduced  through  valve  F. 
The  washing  may  be  conducted  outside  the  apparatus  by  placing 
the  beam  on  a  special  stand,  to  which  the  high-pressure  water 
and  the  compressed  air  supply  are  connected.  Length  of 
apparatus,  3,500  mm.,  widlh,  2,000  mm.,  height,  1,500  mm.  Six 
or  even  more  warps  may  be  conveniently  dyed  in  one  apparatus 
per  day.  It  is  impossible  to  sample  during  dyeing,  and  the 
apparatus  can,  therefore,  only  be  employed  for  dyeing  standard 
shades,  chiefly  blacks,  where  sampling  is  not  required. 

A  similar  apparatus,  in  which  the  dye-vat  is  open,  may  be 
used  for  dyeing  with  the  substantive  dyestufifs.     It  resembles 


Fig.  88. — Sixteen -Cylinder  Waq)  Drying  Machine. 

an  older  type  of  the  Pornitz  cop  dyeing  machine,  in  which 
the  perforated  cylinder  is  held  in  the  dye-vat  in  a  horizontal 
position. 

The  warps  are  usually  dried  on  cylinders  similar  to  those  used 
in  drying  cotton  piecegoods.  A  Sixteen-Cylinder  Wai-p  Drying 
Macldne,  of  J.  Jackson,  Todmorden,  driven  by  means  of  friction 
plate  and  pulley,  which  allow  accurate  adjustment  of  the  speed, 
is  shown  in  Fig.  88. 

Crabbing. 

Crahhhujj  a  special  scouring  operation,  which  was  formerly 
exclusively  applied  to  mtion  pieceyoods  (cotton  warp  and 
woollen  weft)  is  now,  however,  also  used  in  preparing  cotton 
piecegoods,  such  as  linings,  for  dyeing.     It  materially  affects  the 
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finish,  making  the  fibres  brighter  and  giving  the  fabric  a  closer 
appearance. 

Siiiffle,  dauhle,  or  treble  crabbing  machines  are  used,  in  which 
the  pieces  are  crabbed  once,  twice,  or  three  times  respectively. 

A  Treble  Crabbing  Machine  of  Messrs.  Knowles  &  Co.  is 
shown  in  Fig.  89.  Previous  to  the  crabbing,  the  cloth  is  wound 
on  the  beam  A^  by  means  of  a  friction  driven  two-speed  gear, 
which  allows  of  the  speed  being  varied  in  accordance  with  the 
diameter  of  the  batch.  From  the  roller  A,  which  is  provided 
with  a  brake,  the  cloth  is  wound  under  tension  onto  roller  C. 
Considerable  pressure  is  put  on  the  cloth  by  means  of  the  heavy 
iron  roller  D.  The  amount  of  pressure  can  be  regulated  by 
means  of  a  rack  and  pinion  connected  to  roller  D.  The  first 
trough  is  usually  filled  with  boiling  water,  to  which  sometimes  a 
small  amount  of  soda  is  added.  The  piece,  when  completely 
wrapped  onto  roller  C,  is  allowed  to  revolve  for  some  time  in  the 
hot  water. 

After  this,  the  cloth  is  wound  from  roller  C  onto  roller  £, 
on  which  the  operation  is  repeated.  The  second  trough 
usually  contains  boiling  water.  The  cloth  is  now  crabbed  a 
third  time  by  winding  it  from  roller  E  onto  roller  t\  the  third 
trough  usually  containing  cold  water. 

For  some  classes  of  goods  the  crabbing  is  followed  by  steam- 
ing. The  piece  on  roller  F  is  wound  on  the  perforated  steaming 
roller  G,  when  steam  is  blown  through  the  fabric  for  about 
10  minutes.  From  G,  the  cloth  may  be  wound  on  a  second 
steaming  roller  on  which  the  steaming  operation  is  repeated. 
Power  required,  6  to  10  h.p. 

Dyeing  of  Cotton  Piegbooods. 

The  machine  which  is  most  commonly  used  in  dyeing  cotton 
piecegoods  is  the  Lancashire  Jigger  illustrated  in  Fig.  90  (Sir 
James  Farmer  &  Sons).  It  consists  of  the  dye-beck  made 
either  of  wood  with  cast-iron  ends,  or  entirely  of  cast-iron,  pro- 
vided with  the  necessary  guide  rollers.  In  the  jigger  shown  in 
the  illustration,  the  vessel  and  the  rollers  are  made  of  glazed 
earthenware.  The  steam-pipe  is  formed  in  the  earthenware 
itself,  and  is  provided  with  a  number  of  perforations  along  the 
bottom  of  the  vat.     The  outlet  is  also  formed  by  this  pipe,  a 
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valve  being  placed  at  the  end  opposite  to  that  at  which  the  steam 
enters.  In  order  to  dye  in  a  very  "  short  "  bath  the  jiggers  are 
frequently  built  very  narrow  at  the  bottom. 

In  working  the  jigger,  the  cloth  Is  drawn  from  the  batch 
through  the  dye-liquor  and  wound  onto  another  roller  at  the 
opposite  side.  One  such  passage  of  the  cloth  through  the 
machine  is  termed  "  one  end."     This  operation  is  repeated  4,  6, 


Fig.  80. — LaiicaBhire  Jigger. 

or  B  times,  and  the  cloth  is  ultimately  run  onto  a  batch-roller 

placed  on  top  of  one  of  the  driven  rollers. 

The  rollers  are  driven  by  means  of  bevel  wheels  and  clutches, 
which  receive  the  motion  from  a  longitudinal  shaft  along  which 
a  number  of  jiggers  are  placed.  A  break  is  put  on  the  roller  from 
which  the  cloth  is  drawn  in  order  to  keep  it  at  a  uniform  tension. 

The  speed  of  the  cloth  is  about  45  yards  per  minute.  Power 
required  :  2  h.p. 

In  place  of  using  live  steam,  it  is  sometimes  preferable,  e.ff,,  in 
dyeing  with  some  of  the  substantive  dyestuffs,  to  employ  a  closed 
steam  coil. 
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The  Dye-Beck^  Figs.  91  (end  elevation)  and  92  (side  elevation) 
(Mather  &  Piatt),  although  chiefly  used  in  print  works,  should  be 
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mentioned  here.  The  beck  is  generally  made  of  cast-iron,  from 
8  feet  to  9  feet  long.  A  square  wooden  wince  is  provided  over  the 
centre  of  the  beck,  and  over  this  the  cloth,  in  the  rope  state,  passes 
spirally  many  times.  Each  strand  coming  over  the  wince  is  piled 
loosely  in  the  dye-beck.  The  various  strands  are  kept  apart  by 
means  of  wood  or  earthenware  guide  pegs.  The  cloth  travels 
spirally  from  one  end  of  the  beck  to  the  other.  The  one  end  of  the 
cloth  coming  out  of  the  beck  is  brought  back  over  guide  rollers  to 
the  entering  end  of  the  beck  and  is  then  stitched  to  the  other  end 
of  the  cloth.  In  this  manner  the  cloth  may  be  passed  through 
the  machine  continuously  for  any  convenient  length  of  time. 
About  1,000  yards  of  cloth 
can  be  treated  in  an  8-feet 
dye-beck  at  one  time,  and 
about  1  b.h.p.  is  required  to 
drive  the  machine. 

The  Padding  Machine  may 
be  used  for  preparing  the 
cloth  with  beta-naphthol,  for 
impregnating  with  the  aniline 
solution  in  the  dyeing  of 
Aniline  Black,  and,  as  already 
stated,  for  dyeing  of  some  of 
the  substantive  and  the  sul- 
phur dyestuflfs. 

Fig.  98  shows  a  Three- 
Bowl  Paddvtg  Machine  of  Messrs.  Mather  &  Piatt,  Ltd.  The 
cloth  enters  through  the  swivel  entering  rails  into  the  liquor 
trough,  which  is  provided  with  brass  guide  rollers.  The  excess 
of  liquor  is  squeezed  out  by  means  of  two  India-rubber  bowls 
and  one  brass  bowl,  which  are  weighted  by  compound  levers. 
In  order  to  ensure  the  cloth  passing  through  the  "nip" 
perfectly  straight,  a  special  "self-sharpening  scrimp  rail"  is 
fixed  in  front  of  each  nip.  After  squeezing,  the  cloth  may  be 
either  batched  or  plaited  down. 

If  necessary,  the  cloth  may  be  passed  once  more  through  the 
liquor  after  the  first  nip. 

The  machine  is  driven  by  means  of  gearing  with  pulley  pro- 
vided with  a  friction  clutch,  and  the  power  required  to  drive  it,  is 
from  6  to  8  h.p. 

bb2 


Fig.  94.—Walker's  Jigger. 
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A  special  type  of  Jigger  is  the  one  illustrated  in  Fig.  94,  built 
by  Messrs.  Samuel  Walker  &  Co.  It  differs  from  the  ordinary  type 
in  that  a  large  well-balanced  drum  is  placed  in  the  dye-beck,  by 
means  of  which  the  fabric  is  kept  at  tbe  full  width  whilst  passing 
through  the  dye-Hquor.  The  jigger  can  be  worked  with  a  very 
small  quantity  of  liquor,  and  it  is  claimed  that  bettor  penetration 
of  the  fabric  is  obtained.  Very  little  tension  is  exerted  on  the 
cloth  lengthways,  and  it  is,  therefore,  particularly  suited  for 
dyeing  light  fabrics. 

Fig.  95  is  a  complete  plan  of  a  Bleacking^  Dyeing,  Mercerising 
and  Finishing  Works,  prepared  by  Messrs.  Mather  &  Piatt. 
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PART    XVII 

TESTING  OF  DYESTUFFS  AND  FIBRES. 

Analytical  methods  have  been  suggested  by  means  of  which  it 
is  possible  to  ascertain  accurately  the  strength  of  certain  dyestuffs. 

Of  these  may  be  mentioned  the  method  suggested  by  Rawson 
of  titrating  basic  colours  with  acid  colours,  e.g.,  Night  Blue  with 
Naphthol  Yellow  S.^  and  the  one  suggested  by  Knecht  of  titrating 
dyestuflf  solutions  with  a  solution  of  titacous  chloride.^ 

These  methods  are  chiefly  applicable  in  cases  where  it  is  a 
question  to  ascertiiin  the  strength,  whilst  dye-trials  are  indis- 
pensable when  it  is  necessary  to  ascertain  the  exact  shade  of 
the  dyestuff.  In  many  instances  the  strength  of  a  dyestuff  is 
of  secondary  importance,  whilst  brilliancy  and  shade  are  the 
principal  considerations.  Thus,  for  instance,  a  red  or  a  yellow, 
although  superior  in  strength,  may  be  absolutely  valueless  if 
slightly  duller  than  the  standard  dyestuff  used. 

The  different  types  of  Colorimeter  which  have  been  suggested 
have,  comparatively  speaking,  been  found  of  little  practical 
value.  Fairly  reliable  results  can  only  be  obtained  if  the  dye- 
stuffs,  which  have  to  be  compared,  are  identical  in  shade  and  free 
from  impurities. 

In  order  to  obtain  results  which  are  comparable  with  those 
obtained  on  an  industrial  scale,  dyeing  experiments  should,  as 
far  as  possible,  be  carried  out  under  conditions  which  resemble 
those  existing  in  the  works.  The  artificial  dyestuffs  frequently 
contain  foreign  substances,  such  as  dextrine,  Glauber's  salt, 
common  salt,  sugar,  etc.  Although  it  is  true  that  in  some 
instances  such  substances  are  added  in  order  to  produce  a  cheaper 
product,  in  many  cases  the  addition  is  absolutely  necessary  for  the 
standardisation  of  the  dyestuff.  Substances  may  also  have  to 
be  added  in  order  to  increase  the  solubility  of  the  dyestuff,  whilst 

^  Journ.  S()c.  Dyers  and  Colouriats,  1888,  p.  82. 
«  Ibid.,  1903,  p.  169 ;  1904,  p.  97  ;  190a,  p.  292. 
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in  some  cases  the  presence  of  salt  and  Glauber's  salt  in  a  dyestuff 
is  due  to  the  method  of  manufacture. 

Mixtures  of  dyestuffs  (when  mixed  in  the  powdered  state)  can 
usually  be  readily  detected  by  blowing  a  small  quantity  of  the 
dyestuff  on  to  a  wet  sheet  of  filter  paper,  or  onto  strong  sulphuric 
acid  contained  in  a  porcelain  dish. 

Another  method  consists  in  suspending  a  strip  of  filter  paper 
in  such  a  manner  that  the  end  dips  into  the  dyestufif  solution. 
The  capillary  attraction  of  different  colouring  matters  varies,  and 
it  will,  therefore,  soon  be  noticed  that  zones  are  formed,  the  upper- 
most being  colourless  and  containing  water  only,  whilst  the  lower 
ones  contain  the  different  colouring  matters.  The  detection  of 
colouring  matters  by  means  of  capillary  analysis  was  suggested 
by  Goppelsroeder. 

Both  the  chemicals  and  the  dyestuffs  coming  into  the  works 
ought  to  be  regularly  and  systematically  tested.  Far  too  little 
attention  is  paid  to  this  matter  in  many  works.  Serious  mis- 
takes might  often  be  corrected,  trouble  avoided,  and  loss  of 
time,  material  and  labour  saved,  by  the  introduction  of  a  proper 
system  of  testing. 

Whilst  quantitative  chemical  analyses  are  usually  carried  out 
with  the  necessary  care  and  accuracy,  the  testing  of  the  dye- 
stuffs  is  often  done  with  much  less  care.  As  a  result  disputes 
arise  which  might  be  easily  avoided. 

It  should  be  pointed  out,  that  in  order  to  obtain  reliable  results 
in  testing  dyestuffs  every  part  of  the  work  must  be  carried  out 
with  the  greatest  accuracy  and  care. 

Flasks,  beakers,  pipettes,  etc.,  which  are  used,  should  be 
cleaned  with  strong  sulphuric  acid  and  thoroughly  rinsed  in 
water  and  finally  in  condensed  water. 

Except  in  special  cases,  a  rule  should  be  made  to  always  weigh 
out  the  same  quantity  of  dyestuff  and  to  dissolve  it  in  always  the 
same  number  of  c.c.  of  distilled  water,  in  order  to  avoid  mistakes. 

The  standard  dyestuffs  should  be  kept  in  well-stoppered  bottles 
in  a  dry  room. 

The  dyestuff  (1  grm.  or  2  grms.)  is  weighed  and  carefully 
transferred  to  a  clean,  perfectly  dry  flask. 

The  necessary  quantity  of  boiling  distilled  water  is  measured 
in  a  cylinder  and  a  small  quantity  is  added  to  the  dyestuff  con- 
tained in  the  flask,  which  is  immediately  well  shaken,  in  order 
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to  moisten  the  colour  particles  and  to  make  the  whole  into  a 
paste.  The  remainder  of  the  water  is  now  added,  the  flask 
shaken  a  few  times  and  placed  into  a  boiling  water-bath,  in 
which  the  flasks  are  allowed  to  remain  for  a  short  time, 
being  frequently  shaken.  If  all  the  flasks  belonging  to  one 
experiment  are  kept  in  the  water-bath  for  the  same  length  of 
time,  re-measuring  of  the  solution  before  pipetting  is  not 
necessary. 

The  strength  of  the  solution  naturally  varies  with  different  dye- 
stuffs;  it  is  usually  either  1  per  cent.,  ^  per  cent.,  or  ^  per  cent. 
Whatever  strength  the  solution  is  made,  it  is  well  to  calculate 
the  number  of  c.c.  required,  corresponding  to  the  percentage  of 
dyestuff,  calculated  on  the  quantity  of  material  to  be  dyed. 

The  volume  required  is  obtained  by  the  following  formula  : — 

Weight  of  material  to  be  dyed,  in  grammes  X  per  cent»  of  dyestuff  required 

Strength  of  the  dyestuff  solution,  in  per  cent. 

=  volume  in  c.c.  of  dyestuff  solution  required. 

A  simple  system  like  this,  if  always  adhered  to,  will  in  many 
cases  avoid  miscalculations  and  mistakes. 

Dye  beakers  of  glass  or  hard-glass  may  be  used,  but  beakers 
of  Berlin  porcelain  are  best  suited.  The  following  sizes  are 
chiefly  used: — 

L  II.  III. 


Depth,  Inches.    . 

4i 

54 

5i 

Width       „ 

.      2i 

8 

8i 

Capacity,  c.c. 

.  250 

500 

650 

Size  II.  is  usually  employed  for  dyeing  cotton  hanks. 

Glass  rods  are  used  to  support  the  hanks  or  to  turn  the  pieces ; 
they  should  be  bent  for  dyeing  the  sulphur  and  the  vat  dyestuffs. 

Cotton  hanks  are  more  conveniently  handled  than  pieces. 
The  hanks  should  be  laced  with  strings  and  the  strings  marked 
with  knots,  whilst  pieces  may  be  distinguished  by  cuts  or  by 
holes  cut  into  them. 

Large  cotton  hanks  are  best  divided  into  small  hanks  each  of 
about  10  grms.  weight.  In  order  to  obtain  a  number  of  hanks 
equal  in  weight,  without  the  necessity  of  reeling  off  some  of 
the  cotton,  a  large  number  of  hanks  should  be  divided,  and  by 
placing  one  hank  on  each  side  of  the  balance,  those  equal  in 
weight  are  placed  together  into  a  bundle. 
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In  order  to  obtain  an  idea  of  the  strength  of  the  sample  to 
be  tested,  small  quantities  of  both  the  standard  solution  and 
of  the  sample  are  poured  on  filter  paper.  Anybody  skilled  in 
colour  testing  will  be  able  to  at  once  decide  as  to  what  strengths 
should  be  dyed  in  order  to  obtain  an  accurate  result. 

It  is  the  usual  practice  to  dye  the  standard  dyestuff  one  strength, 
and  the  sample  three,  four  or  more  different  strengths,  one  of 
which  should  ultimately  be  identical  in  strength  with  the  standard 
shade.  If  one  of  the  two  samples  appears  much  stronger  than 
the  other  when  poured  on  filter  paper,  it  may  be  advisable  to 
take  a  measured  quantity  of  the  stronger  one,  and  to  dilute  it 
with  water  until  it  is  approximately  the  same  strength.  In 
this  manner  it  is  quite  easy,  even  in  such  a  case,  to  obtain 
a  satisfactory  result  the  first  time. 

When  testing  Water  Blues,  Soluble  Blues,  Cotton  Blues,  etc., 
it  is  in  many  instances  necessary  to  develop  the  colour  on 
the  filter  paper  by  pouring  weak  sulphuric  acid  over  it,  before 
judging  the  depth  of  shade. 

1  per  cent,  or  10  per  cent,  standard  solutions  of  all  the 
ingredients  which  have  to  be  added  to  the  dye-bath,  such  as 
Glauber's  salts,  soda,  soap,  etc.,  should  always  be  made  and 
kept  handy. 

When  dyeing  the  substantive  dyestuffs  it  is  usually  not  neces- 
sary to  wet  out  the  hanks,  because  they  may  be  entered  into  the 
boiling  dye-bath. 

For  dyeing  the  basic  dyestuffs,  a  number  of  hanks  are 
mordanted  at  a  time,  and  dried  after  thorough  rinsing.  Before 
dyeing,  the  hanks  are  placed  into  hot  water  and  squeezed  well  by 
hand  in  order  to  wet  them  out  evenly.  They  should  then  be 
wrung  and  thoroughly  shaken.  A  small  quantity  of  acetic  acid 
or  alum  should  be  added  to  the  dye-bath,  the  hanks  entered  cold 
and  turned  for  some  time  rapidly.  The  beakers  are  then  placed 
into  the  water-bath,  which  is  gradually  heated  to  the  boil.  They 
are  now  removed,  and  the  hanks  turned  for  some  time  in  the 
cooling  bath.  The  hanks  are  finally  wrung  and  dried  without 
rinsing. 

Alizarines  and  other  mordant  dyestuffs  are  usually  dyed  on 
cloth  which  has  either  been  padded  with  the  mordant,  or  on 
which  one  or  more  mordants  have  been  printed  in  stripes. 

The  substantive  and  the  sulphur  dyestuffs  are  best  dyed  on 
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hanks.  The  additions,  such  as  soap,  Glauber's  salt,  soda,  etc., 
are  used  in  the  proportions  given  for  dyeing  these  dyestuffs. 
The  total  amount  of  liquor,  i.e.,  water  and  dyestuff  solution  and 
additions,  used  in  each  beaker,  must  be  the  same  in  one  and  the 
same  experiment.  The  dyeing  is  conducted  for  one  hour  at  the 
boil.  A  water-bath  charged  with  a  solution  of  common  salt  or 
calcium  chloride,  or,  preferably,  with  glycerine,  may  be  used  in 
order  to  produce  the  required  temperature. 

Each  hank  when  removed  from  the  bath  should  be  carefully 
wrung  over  the  beaker  by  means  of  two  glass  rods,  and  fresh 
hanks  entered  into  the  baths,  in  order  to  exhaust  the  dyestuff 
as  completely  as  possible.  These  "exhausts'*  are  valuable  in 
ascertaining  the  exact  strength  of  a  sample.  It  will  frequently 
be  found,  that  when  two  hanks  are  equal  in  depth  and  shade,  the 
exhausts  may  show  a  considerable  difference  in  strength,  a  fact 
which  would  indicate  that  the  dyestuff  which  gives  the  stronger 
exhaust,  if  used  in  a  standing  bath,  will  require  the  addition 
of  smaller  quantities  of  dyestuff  for  dyeing  subsequent  lots  of 
material. 

In  some  instancess  the  shades  of  the  exhaust  may  give  an 
indication  as  regards  the  purity  of  the  dyestuff.  A  dyestiiff  which 
gives  an  exhaust  which  is  duller  in  shade  than  the  standard, 
should  be  considered  as  inferior. 

If  a  sample  consists  of  a  mixture  of  different  dyestuffs  which 
do  not  possess  the  same  affinity  for  the  fibres,  the  exhausts 
will  often  reveal  this  fact,  and  thus  the  dyer  may  be  able  to  avoid 
trouble  when  dyeing  on  a  commercial  scale. 

Binsing  of  the  hanks  after  dyeing  is  not  always  necessary. 
A  number  of  the  substantive  dyestuffs  alter  in  shade  during 
drying,  and  it  is,  therefore,  necessary  to  allow  the  hanks  to 
cool  and  to  expose  them  to  the  air  for  some  time  before  they  are 
examined. 

If  in  practice  the  dyestuff  under  examination  is  after-treated 
by  one  of  the  methods  described,  or  if  it  is  diazotised  and 
developed  or  coupled  with  paranitraniline,  two  hanks  should 
be  dyed  in  each  beaker,  one  of  which  is  dried,  whilst  the  other 
is  after-treated. 

The  Dye-hath. — Whatever  type  of  bath  is  used  for  heating 
the  dye-beakers,  the  temperature  must  be  the  same  in  every 
part.     Steam-heated  baths  have  been  suggested,  but  in  these   it 
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has  been  foand  exceedingly  difficult  to  obtain  even  temperatures. 
Eig.  96  represents  a  simple  type  of  Water-Bath  which  has  been 
found  to  give  very  reliable  results.  It  is  heated  by  means  of  a 
closed  steam-coil,  but  if  steam  is  not  available  gas  may  be  used  in 
place  of  it.  The  steam-coil  enters  at  the  side,  it  passes  out 
through  the  centre  of  the  bath,  and  is  connected  to  a  steam-trap. 
Immediately  above  the  steam-coil  and  underneath  the  false  per- 
forated bottom  is  placed  a  stirrer,  which  can  be  rotated  from 
time  to  time  by  hand.  Thus  any  unevenness  in  heating  is 
readily  equalised.  The  lid  should  fit  tightly,  but  is  loose  in 
order  to  allow  of  its  ready  removal  for  the  purpose  of  cleaning 
the  bath.  The  holes  for  the  beakers  should  be  made  fairly  large 
and  copper  rings  fitted  with  rubber  rings,  which  fit  tightly  round 

the  beakers,  should  be  pro- 
vided for  holding  them.  As 
shown  in  the  sketch,  the 
beakers  are  held  by  the 
rings,  and  they  do  not 
touch  the  perforated  bottom. 
The  steam  is  carried  away 
through  a  fairly  long,  wide 
outlet  pipe,  fixed  at  the  back 
of  the  water-bath.  The  bath 
may  be  made  to  hold  from 
six  to  twelve  or  more  beakers 
at  a  time ;  but  it  is  not  advisable  to  build  it  to  hold  more  than 
twelve  beakers,  this  being  about  the  largest  number  of  hanks 
which  can  be  turned  conveniently  and  efficiently  by  one  person. 


^team 


To  Staam  Trap  It 

Fig.  96. — Exi)erimental  Dye-Bath. 


Detection  of  Dyestuffs  on  the  Fibbe. 

A  sound  knowledge  of  the  different  methods  of  applying  the 
various  dyestuflfs  is  absolutely  essential  in  order  to  successfully 
determine  the  dyestuffs  and  mordants  which  have  been  used  in 
dyeing  textile  materials. 

For  the  purpose  of  a  more  exhaustive  investigation  the  reader 
is  referred  to  the  excellent  tables  compiled  by  A.  G.  Green  and 
others.^ 

^  Journ.  Soc.  Dyers  and  Coloarists^  XXIII.,  p.  252,  1907. 
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The  reactions  suggested  by  G.  E.  Holden  ^  will  be  found  useful 
for  the  rapid  identification  of  the  principal  dyestuffs  used  in 
cotton  dyeing. 

The  principal  reagents  used  are: — Chloroform  and  titanous 
chloride.  The  solubility  of  the  azo-colours  in  the  former  was 
first  noticed  by  R.  Meldola,  whilst  the  latter  was  recommended 
as  a  reagent  for  the  identification  of  dyestufifs  by  E.  Knecht. 

1.  The  pattern  is  boiled  in  water.  All  shades  dyed  direct  with 
the  substantive  cotton  dyestuffs  "  bleed." 

2.  The  pattern  is  boiled  with  a  solution  of  titanous  chloride 
(the  reagent  must  be  first  boiled  with  a  small  quantity  of  hydro- 
chloric acid  to  remove  traces  of  sulphuretted  hydrogen).  The 
substantive  cotton  dyestuffs  dyed  direct  or  developed  or  coupled 
are  discharged  to  white  or  yellow.  The  basic  dyestuffs  are  in 
most  cases  completely  discharged ;  the  fibre  remains  a  dull 
yellow  or  brown  colour.  The  presence  of  tannate  of  titanium  on 
the  fibre  can  be  confirmed  by  boiling  the  stripped  pattern  for  a 
few  seconds  in  a  solution  of  logwood,  when  a  dirty  puce  colour  is 
obtained.  The  sulphur  dyestuffs  give  off  sulphuretted  hydrogen. 
They  are  reduced  by  the  action  of  titanous  chloride,  but  on 
washing  with  water  and  exposure  to  air  the  colour  returns. 
It  should  be  mentioned  that  a  number  of  the  vat  dyestuffs  and 
further,  materials  which  have  been  stripped  with  hydrosulphites 
and  re-dyed  with  substantive  dyestuffs,  when  boiled  with  titanous 
chloride,  give  off  sulphuretted  hydrogen. 

3.  The  pattern  is  treated  tvith  cold  chloroform.  Insoluble  in 
chloroform  are :  The  substantive  cotton  dyestuffs,  dyed  direct, 
after-treated,  diazotised  and  developed  or  coupled ;  the  basic 
dyestuffs,  when  properly  fixed ;  the  sulphur  dyestuffs ;  the 
Alizarines,  except  where  otherwise  stated  in  the  tables ;  iron- 
buff  and  catechu  brown.  Other  dyestuffs  which  are  insoluble 
will  be  mentioned  under  the  respective  headings. 

4.  A  solution  of  bleaching  powder,  5^  Tw.,  with  the  addition 
of  a  small  quantity  of  acetic  acid,  is  used  for  distinguishing 
some  of  the  dyestuffs. 

*  Journ,  Hoc.  Dyers  and  Colourists^  XXV.,  p.  47,  1909. 
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Beds,  Pinks  and  Clakets. 


Chloroform. 

Bleaching  Powder  Solution. 

1. 

Paranitraniline  Bed. 

Intense  amber   color- 
ation. 

2. 

Paranitroorthoanisi  - 

Beddish-orange  color- 

Not affected. 

dine  Bed 

ation. 

3. 

Azo  Pink  BB. 

Beddish-orange  color- 
ation. 

Bright  yellow-orange. 

4. 

ChloranisidiDe  Bed. 

Beddish-orange  color- 
ation. 

Very  slowly  discharged. 

5. 

Thio  Indigo  Scarlet  B. 

Bed-coloured  solution. 

6. 

Alpha -naphthylaminc 

Intense     red-coloured 

Claret. 

solution. 

7. 

Para  Bed  and  Direct 

Intense  amber  color- 

Blue. 

ation. 

8. 

Indanthrene  Claret  Q. 

Slightly  soluble,  brown- 
ish-]^ solution. 

9. 

Thio  Tndigo  Bed  B. 

Strong  red  fluorescent 
solution. 

10. 

Vat  Bed  B. 

Strong  red  fluorescent 
solution. 

— 

11. 

Helindone  Bed  3  B. 

Bed- violet  solution. 

Titattotts    chlaridt 
solution. 

12. 

Alizarine  Bed. 

Insoluble. 

Maroon-cotoured  fibre. 

13. 

Bhodamine  on  tannin, 

Delicate    fluorescent 

chrome  or  alumina. 

tint. 

14. 

Alizarine  Bordeaux. 

Insoluble. 

Dirty  brown. 

Violets. 


Chlorofonu. 


1.  Indanthrene  Violets.      Beddish-violct    fluor- 
escent solution. 


2.  Thio  Indigo  Bed  and 

Indigo  mixtures. 

3.  Ciba  Violet  B. 

4.  Ciba  Violet  B. 


Beddish -violet   fluor- 
escent solution. 
Blue-violet  solution. 
Bed- violet  solution. 


The  Pattern  is  spotted  with 
nitric  acid. 


Grey -black  spot. 


Bed-coloiu-ed  spot. 
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Browns. 


Chloroform. 

Brown  coloration. 

Titanous  Chloride. 

1. 

Para  Brown  G  &  E 

coupled  with  para- 

nitraniline. 

2. 

Benzidine  on   alpha- 
or  beta-naphthol. 

Bed  coloration. 

3. 

Tolidine    on     alpha- 

Bluish  -  red   colora- 

or beta-naphthol. 

tion. 

4. 

Para  Red  and  direct 

Amber  coloration. 

First    red,    gradually 

or  coupled  blacks. 

decolorised. 

5. 

Para  Eed  with  Aniline 

Amber  coloration. 

Slowly  discharged  to  a 

black. 

brownish-black,    be- 
coming black  on  ex- 
posure. 

6. 

Catechu  brown. 

Very  little  acted  upon. 

Yellows  and  Oranges. 


1.  Indanthrene   Orange 

RT. 

2.  Indanthrene  Telle w. 

3.  Algole  Yellows. 

4.  Algole  Orange  B. 

5.  Primuline  deyelox)ed 

with  phenol,   or 
resorcine. 

6.  Primuline    developed 

with    bleaching 
powder  solution. 

7.  Metanitraniline    and 

nitrotoluidine    de- 
veloped on  the  fibre. 


Chloroform. 


Insoluble. 

Slightly  soluble,  yellow 
coloration. 

Slightly  soluble,  yellow 
coloration. 

Beddish- orange  solu- 
tion. 

Insoluble. 


Insoluble. 


Very  soluble,   intense 
orange  •  coloured 
solution. 


Titanous  Chloride. 


Beduced  to  an  orange. 

Blue. 

Very  little  altered. 


Bright  yellow;  diazo- 
tised  and  developed 
with  beta-naphthol, 
red. 

Brown  ;  cannot  be  dia- 
zotised  and  devel- 
oped. 


Alizarine  Yellow  and  Orange. — Incinerate  and  test  the  ash  for 
mordants. 

Chrome  Yellow  and  Orange. — Spot  with  ammonium  sulphide, 
blackened. 
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Gbeens. 


Chlorofonn. 

Titanous  Chloride. 

1. 

Algole  Green  B. 

Insoluble. 

Eeddish-blue  or  blue. 

2. 

Algole  Dark  Green  B. 

Slightly  soluble ;  olive- 
coloured  solution. 

Eeddish-bro  wn . 

3. 

Indanthrene  Green  B. 

Slightly  soluble ;  green- 
ish-blue solution. 

Grenat  colour. 

4. 

Indanthrene  Blue  RS 

Bright  yellowish-green 

Dirty  blue  to  violet. 

and  Indanthrene 

solution. 

Yellow  mixtures. 

5. 

Brilliant  Green. 

Green  solution. 

Dull  yellow  to  brown 
coloured  fibre. 

6, 

Malachite  Green. 

Green  solution. 

Dull  yellow  to  brown 
coloured  fibre. 

Blues. 


1.  Alizarine  Blue. 


2.  Indigo  Blue. 


3.  Oiba  Blues. 

4.  Dianisidine  Blue. 

5.  Indanthrene  Blue  RS. 

6.  Indanthrene  Blue  RC. 

7.  Indanthrene    Dark 

Blue  BO. 


8.  Indanthrene    Dark 

Blue  BT. 

9.  Algole  Blue  3  G. 

10.  Algole  Blue  OF. 


Chloroform. 


Blue  solution. 


Blue  solution. 


Vorjr    soluble;  very 
bright  blue  solution. 

Violet  solution. 

Slightly  soluble;  blue 
coloration. 

Blue-violet  fluorescent 
solution. 

Very  slightly  soluble; 
bluish-green    solu- 
tion with  red  fluo- 
rescence. 


Slightly  soluble;  blue 

coloration. 
Slightly  soluble;  blue 

coloration. 


Titanous  Chloride. 


Brownish-black ; 

becomes     bluer     on 

exposure. 
Decolorised ;       very 

dark     shades,     fibre 

olive  to  blue  tinted. 
Green  to  olive. 


Black. 
Grenat  shade. 


Spot  the  pattern  with  strong  nitric  acid: — Ciba  Blues   are 
slowly  acted  upon;  brown  spot,  which  gradually  changes  to  a 
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light  dirty  blue  tint.     Indigo  gives  a  yellow  spot  surrounded  by 
a  green  rim. 

Blacks. 


Chloroform. 

Titanous  Chloride. 

1. 

Direct  Blacks. 

Insoluble. 

Decolorised. 

2. 

Direct  Blacks,   dia- 
zotized  and  devel- 
oped, or  coupled. 

Insoluble. 

Decolorised. 

3. 

Basic  Black,  on  tan- 
nin and  antimony, 
or  iron  mordant. 

Insoluble. 

Dull  yellow  to  brown. 

4. 

Logwood  Blacks. 

Insoluble. 

5. 

Azophor  Blacks. 

Very  soluble,  red-violet 

to  blue-violet 

solu- 

tion. 

6. 

Aniline  and  Diphenyl 
Bla(^. 

Insoluble* 

Brown. 

7. 

Naphthalene     and 
Anthracene   Mor- 

Insoluble. 

Brown    to    brownish- 

black. 

dant   dyestufEs  on 

Chrome. 

8. 

Sulphur  Blacks. 

Insoluble. 

Brown;  giving  off  sul- 
phuretted hydrogen. 

Logwood  Black. — Boiled  with  dilute  hydrochloric  acid  the 
colour  is  stripped,  solution  red  or  orange. 

Pattern  Treated  with  Bleaching  Poivder  Solution,  5°  Tw.,  then 
add  a  little  acetic  acid ;  allow  to  stand,  pour  off  the  liquid,  sour 
with  cold  acetic  acid,  and  wash : — Chrome  Mordant  Dyestuffs 
are  discharged,  fibre  yellow  to  yellowish-brown.  Test  also  for 
chromium. 

Prussiate  Aniline  Blacks. — Fibre  olive  to  green  coloured. 

Other  Aniline  Blacks  and  Diphenyl  Black. — Fibre  red-brown. 


Testing  the  Fastness  op  Dyestuffs. 

It  may  be  of  importance  in  many  cases  to  ascertain  the 
fastness  of  a  dyestuff  to  washing,  light,  bleaching,  etc.  In  order 
to  carry  out  the  tests,  the  dyestuff  should  be  dyed  on  the 
material  on  which  it  is  to  be  actually  used,  and  by  the  method  of 
dyeing  which  is  employed  in  the  works.  The  kind  of  test  and 
the  strength  of  the  testing  solutions  will  naturally  have  to  be 
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chosen  in  accordance  with  requirements.  It  is,  therefore,  impos- 
sible to  give  hard  and  fast  rules  for  testing,  but  the  following 
tests  may  be  taken  as  typical : — 

Washing  Test. — White  and  dyed  yarn  are  plaited  together 
and  boiled  for  10  to  20  minutes  in  a  ^  to  1  per  cent,  solution 
of  soap.  The  soap  should  be  absolutely  neutral.  Marseilles 
soap  may  be  used  for  this  purpose.  In  order  to  ascertain  how 
the  dyestuflf  will  behave  in  the  laundry,  the  plaited  hank  should 
be  boiled  with  a  solution  of  soap  to  which  a  small  quantity  (0*5 
per  cent.)  of  soda  ash  has  been  added.  After  boiling  for  20  to  80 
minutes,  roll  up  the  hank  in  a  piece  of  white  calico  and  wring 
well  by  hand. 

Fastness  to  Water. — In  order  to  ascertain  the  fastness  to  water 
and  to  **  bleeding,"  the  dyed  yam  should  be  plaited  together  with  a 
white  hank  and  boiled  in  distilled  water  for  10  to  20  minutes. 
In  many  cases  (substantive  cotton  dyestuffs)  this  test  is  more 
severe  than  boiling  with  soap  or  soap  and  soda. 

Fastness  to  Acids. — This  test  is  chiefly  applied  to  the  substan- 
tive cotton  dyestuflfs.  The  dyed  material  is  immersed  for  some 
time  in  a  5  per  cent,  solution  of  acetic  acid  or  a  weaker  solution 
of  sulphuric  or  hydrochloric  acid.  Shades  dyed  on  cotton  warps 
which  have  to  be  cross-dyed  should  not  change  when  boiled  for 
J  hour  in  a  ^  per  cent,  solution  of  sulphuric  acid. 

Fastness  to  Bleaching. — When  testing  the  fastness  of  a  dyestuflf 
to  bleaching  it  is  necessary  to  pass  the  dyed  hank  through  all 
the  operations  through  which  it  would  have  to  be  taken  in  the 
works.  It  is,  therefore,  necessary  to  first  ascertain  its  fastness  to 
boiling.  If  kiers  are  available,  it  is  best  to  boil  the  dyed 
pattern  along  with  yarn  which  is  being  boiled  for  bleaching. 
The  "  ash  boil  V  should  be  conducted  in  an  open  kier  for  6  to  8 
hours,  whilst  the  "  caustic  boil "  should  be  carried  out  under 
pressure  (about  15  lbs.)  with  soda  lye  at  2°  Tw.,  for  8  to  10  hours. 
An  open  kier  is  used  for  the  "  lime  boil " ;  time  of  boiling  from 
4  to  6  hours.  In  order  to  ascertain  the  fastness  to  chlorine,  the 
boiled  hank  is  now  immersed  for  about  1  hour  in  a  bleaching 
powder  solution  at  1°  to  IJ^  Tw.  The  hank  is  finally  washed, 
soured,  washed  and  dried. 

Fastness  to  Rubbing. — The  dyed  material  is  rubbed  on  a  piece 
of  white  calico  or  on  a  sheet  of  white  paper. 
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Fastness  to  IIot-preHsincf  or  Steaming. — Dyestufifs  which  change 
their  shade  or  which  volatilise  from  the  fibre  are  unsuitable  for 
hot-press  finishes.  In  order  to  ascertain  the  fastness  to  hot- 
pressing,  the  pattern  may  be  placed  between  sheets  of  filter  paper 
and  pressed  with  a  heated  flat-iron. 

Fastness  to  Street  Dirt  and  Mud. — The  dyed  pattern  is  either 
spotted  with  a  10  per  cent,  solution  of  sodium  carbonate  or  with 
quicklime  made  into  a  paste  with  water,  allowed  to  dry  in  the  air 
and  brushed. 

Fastness  to  Perspiration. — Various  tests  have  been  suggested 
for  this  purpose.  The  pattern  may  be  exposed  to  the  perspira- 
tion of  a  horse  by  placing  it  under  the  saddle.  Ermen  suggests 
the  following  test :  10  c.c.  of  glacial  acetic  acid  and  10  grms.  of 
common  salt  are  dissolved  in  100  c.c.  of  water.  Immerse  the 
dyed  pattern  in  this  solution,  heat  gradually  to  60°  C,  remove 
the  pattern  and  allow  to  dry  at  the  temperature  of  the  air,  brush 
off  the  crystalline  deposit  and  compare  with  the  original  pattern. 

Fastness  to  Light. — The  dyed  pattern,  partly  covered  with  card- 
board, should  be  exposed  both  under  glass  and  also  in  the  open 
air,  along  with  a  pattern  dyed  with  a  standard  dyestuflf  of  known 
fastness.  The  action  of  the  light  may  be  accelerated  by  spraying 
water,  by  means  of  a  flower-spray,  from  time*  to  time,  on  the 
patterns. 

F.  Y.  Kallab  has  designed  a  very  useful  apparatus  in  which 
the  patterns  are  exposed  to  sunlight  which  passes  through  a 
suitable  condenser.  The  apparatus  is  provided  with  a  clock  by 
means  of  which  the  position  of  both  the  condenser  and  the 
patterns  changes  with  that  of  the  sun. 

Very  powerful  electric  arc  lamps,  of  the  searchlight  type 
employed  on  ships,  are  also  used  for  exposing  dj^ed  patterns  in 
place  of  sunlight,  but  the  results  are  not  alw-ays  comparable 
with  those  obtained  by  exposure  to  sunlight. 

Examination  of  the  Textile  Fibres. 

In  nearly  every  case  the  textile  fibres  may  be  readily  distin- 
guished from  each  other  by  means  of  the  microscope.  The 
following  reactions  may  be  applied  in  addition : — 

Burnimf. — The  animal  fibres,  wool  and  silk,  burn  slowly  ;  the 
13. D.  c  c 
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smoke  has  the  smell  of  burnt  horn,  and  gives  an  alkaline 
reaction.  The  vegetable  fibres  burn  mor3  quickly ;  the  smoke 
has  an  acid  reaction. 

Boiling  Caustic  Soda  Life, — The  animal  fibres  are  soluble,  the 
vegetable  fibres  insoluble.  Hemp  and  juta  (lignitied  fibres)  turn 
yellow  or  yellowish  brown. 

Alkaline  Lead  Solution  (Plumbite  of  Soda). — Wool  becomes 
brown  to  black  when  treated  with  a  warm  solution  obtained  by 
adding  caustic  soda  to  a  solution  of  acetate  of  lead. 

Sulphuric  Acid,  168°  Tu\ — Wool  insoluble,  silk  and  the  vegetable 
fibres  dissolve. 

Ammoniucal  Cupric  Oxide  Solution  (Schweitzer's  Reagent). — 
Insoluble  are  wool,  jute,  Chinagrass  and  Chardonnet  silk ; 
soluble  are  silk,  cotton,  linen  and  the  other  artificial  silks. 

Ligno  Cellidoses  (Jute)  are  coloured  red  with  a  solution  of 
phloroglucinol  in  alcohol  and  hydrochloric  acid. 

The  artificial  nilks  lose  considerably  in  strength  when  moistened 
with  water  ;  natural  silk  is  not  affected. 

Chardonnet  Silk  (Nitrocellulose  Silk,  Collodion  Silk)  turns  blue 
with  a  solution  of  diphenylamine  in  strong  sulphuric  acid. 

Chardonnet  Silk  is  dyed  strongly  with  basic  dyestuflfs  (Methyl 
Violet),  whilst  the  other  artificial  silks  {Paulij  Silk,  Glanzstoff, 
Viscose  Silk)  dye  much  lighter  shades. 
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APPENDIX 

Table  op  the  Elements,  their  Symbols  ^nd 

Atomic  Weights  (1911). 

Oxygen  =  16. 


Aluminium 

Antimony 

Argon 

Arsenic 

Barium 

liery  Ilium 

Bismuth 

Boron 

Bromine 

Cadmium 

Coosium 

Calcium 

Carbon 

Cerium 

Chlorine 

Chromium 

Cobalt 

Copper 

Dysprosium 

Erbium 

Europium 

Fluorine 

Gallium 

Gadolinium 

Germanium 

Gold 

Helium 

Hydrogen 

Indium 

Iodine 

Iridium 

Iron 

Krypton 

Lanthanum 

Lead 

lithium 

liutetium 

Mag^iesium 

Manganese 

Mercury 

Molybdenum 


Al 

2710 

1 
Neodynn'um 

Nd 

144-30 

Sb 

120-20  1   Neon 

Ne 

20-20 

iVr 

39-88 

1  Nickel 

Ni 

58-68 

As 

74-96 

Niobium 

Nb 

93-50 

Ba 

137-37 

Nitrogen 

N 

14  01 

Be 

9-10 

Osmium 

Os 

190-90 

Bi 

208-00 

Oxygen 

0 

16-00 

B 

11-00 

Palladium 

Pd 

106-70 

Br 

79-92 

Phosphorus 

P 

31-04 

Cd 

112-40 

Platinum 

Pt 

195-20 

Cs 

132-81 

Potasfciium 

K 

39-10 

Ca 

40-09 

Praseodymium 

Pr 

140-60 

C 

12-00 

Iladium 

Ea 

226-40 

Ce 

140-25 

P.h  odium 

Eh 

102-90 

CI 

35-46 

Rubidium 

Rb 

85-45 

Cr 

52-00 

Eutbenium 

Ru 

101-70 

Co 

58-97 

Samarium 

Sm 

160-40 

Cu 

63-57 

Scandium 

Sc 

44-10 

i>y 

162-50 

Selenium 

Se 

79-20 

Er 

167-40 

Silicon 

Si 

28-30 

Eu 

15200 

Silver 

Ag 

107-88 

Fl 

1900 

Sodium 

Na 

23-00 

Ga 

69-90 

Strontium 

Sr 

87-63 

Gd 

157-30 

Sulphur 

S 

32-07 

Ge 

72-50 

Tantalum 

Ta 

181-00 

Au 

197-20 

THllurium 

Te 

127-50 

He 

3-99 

Terbium 

Tb 

159-20 

H 

1-008 

Thullium 

Tl 

204-00 

In 

114-80 

Thorium 

Th 

232-40 

I 

126-92      Thulium 

Tu 

168-50 

Ir 

19310   !  Tin 

Sn 

119-00 

Fe 

55-85 

Titanium 

Ti 

48-10 

Kr 

82-90 

Tungsten 

W 

184-00 

La 

139-00 

Uranium 

U 

238-50 

Pb 

207-10 

Vanadium 

V 

51-06 

Li 

6-94 

Xenon 

X      ' 

130-20 

Lu 

174  00 

Ytterbium 

Yb 

172-00 

Mg 

24-32   1  Yttrium 

Y 

89-00 

Mn 

54-93    1  Zinc                         ! 

Zn      ' 

65-37 

Hg 

20000   ;  Zirconium              ' 

Zr 

90-60 

Mo 

96-00 

c  c  2 
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Hydhombters. 

In  the  works  the  specific  gravity  of  a  liquid  is  usually  deter- 
mined by  means  of  the  hydrometer.  Two  types  are  employed — 
the  specific  gravity  hydrometer,  by  means  of  which  the  specific 
gravity  can  be  directly  ascertained,  and  the  hydrometers  which 
are  graduated  in  degrees.  In  England,  the  Twaddle  hydrometer  is 
generally  used.  The  degrees  Twaddle  bear  a  direct  relationship 
to  the  specific  gravity,  whilst  this  is  not  the  case  in  the  Beaume 
hydrometer  which  is  in  use  on  the  Continent. 

Conversion  of  degrees  Twaddle  into  specific  gravity : — 

C5      'c            x         degrees  Tw.  X  6  +  1,000 
Specific  gravity  =  -^ ^^^^    ^         - 

Conversion  of  specific  gravity  into  degrees  Twaddle :— 
Degrees  Twaddle  =  «"ecific  gravity  x  1.000  -  1,000 

Whilst  Beaume  hydrometers  are  provided  for  liquids  lighter 
than  water,  the  specific  gravities  are  given  for  these  liquids  in 
England. 

Beaiimi's  Hj/drometer. — 

For  liquids  lighter  than  water: — The  point  to  which  the 
hydrometer  sinks  into  a  solution  of  1  part  of  common  salt  in 
9  parts  of  water  is  marked  0°,  whilst  the  one  to  which  it  sinks 
into  pure  water  is  marked  10°. 

For  liquids  heavier  than  water : — The  point  to  which  the 
hydrometer  sinks  in  pure  water  is  marked  0*^,  and  the  point  to 
which  it  sinks  in  a  10  per  cent,  solution  of  common  ealt  (at  17°  C.) 
is  marked  10°. 

The  "  rational  scale  "  of  the  hydrometer  is  obtained  by  taking 
as  0°,  the  point  to  which  the  hydrometer  sinks  in  pure  water  at 
15°  C,  whilst  the  point  to  which  it  sinks  in  pure  sulphuric  acid, 
of  specific  gravity  1,842  (at  15°  C),  is  marked  66°. 


APPENDIX 


889 


Comparative  Table  of  Hydrometer  Degrees  Twaddle, 
Beaume  and  Specific  Gravities  at  50°  F. 


8l».  Gr. 

DegreeM 

Dftjjmea 

Sp.  Gr. 

Degr«ej! 

Decrees 

13eiiuni6. 

Twaddle. 

BeHuiii6. 

Twaddle. 

1 

1-000 

00 

0 

1-220 

26-0 

44 

1-(K)5 

0-7 

1 

1-225 

26-4 

45 

1-010 

1-4 

2 

1-230 

26-9 

46 

1-015 

2-1 

3 

1-235 

27-4 

47 

1-020 

2-7 

4 

1-240 

27-9 

48 

1025 

3-4 

5 

1-245 

28-4 

49 

i-o;jo 

4-1 

() 

1-250 

28-8 

50 

1-035 

4-7 

•• 

< 

1-255 

29-3 

51 

MHO 

5-4 

8 

1-260 

29-7 

52 

1-045 

6-0 

9 

1-265 

30-2 

53 

1-050 

6-7 

10 

1-270 

30-6 

54 

1-055 

7-4 

11 

1-275 

31-1 

5d 

1060 

8-0 

12 

1-280 

31-5 

5() 

1-065 

8-7 

13 

1-285 

320 

1-070 

9-4 

14 

1-290 

32-4 

58 

1-075 

10-0 

15 

1-295 

32-8 

59 

1-080 

10-6 

16 

1-300 

33-3 

60 

1085 

11-2 

17 

1-305 

33-7 

61 

1-090 

11-9 

18 

1-310 

34-2 

62 

1-095 

12-4 

19 

1-315 

34-6 

63 

MOO 

13-0 

20 

1-320 

35-0 

64 

M05 

13-6 

21 

1-325 

35-4 

65 

1-110 

14-2 

22 

1-330 

35-8 

66 

1115 

14-9 

23 

1-335 

36-2 

67 

1-120 

15-4 

24 

1-340 

36-6 

68 

1-125 

16-0 

25 

1-345 

37-0 

69 

M30 

16-5 

26 

1-350 

37-4 

70 

l-i;35 

17-1 

27 

1-355 

37-8 

71 

1140 

17-7 

28 

1-360 

38-2 

72 

1-145 

18-3 

29 

1-365 

38-6 

73 

1-150 

18-8 

30 

1-370 

39-0 

74 

1-155 

19-3 

31 

1-375 

39-4 

75 

M60 

19-8 

32 

1-380 

39-8 

76 

1-165 

20-3 

33 

1-385 

40-1 

1170 

20-9 

34 

1-390 

40-5 

78 

1-175 

21-4 

35 

1-395 

40-8 

79 

1-180 

22-0 

36 

1-400 

41-2 

80 

1-185 

22-5 

37 

1-405 

41-6 

81 

1-190 

230 

38 

1-410 

42-0 

82 

1-195 

23-5 

39 

1-415 

42-3 

83 

1-2(M) 

24-0 

40 

1-420 

42-7 

84 

1-205 

24-5 

41 

1-425 

431 

85 

1-210 

250 

42 

1-430 

43-4 

86 

1-215 

25-5 

43 

1-435 

43-8 

87 
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Comparative  Table  of  Hydrometer  Degrees  Twaddle, 
13eaumi&  and  Specific  Gravities  at  50°  F. — continued. 


1 
Sp.  (Jr. 

1 

1 

Dej^rwa 

Degrees 

Sp.  Gr.    1 

Degrees 

Degrees 

Beaum^. 

1 

Twaddle. 

Beaumc. 

1 

Twaddle. 

1-440 

1 
44-1 

88 

1-655 

57-1 

131 

1-445 

44-4 

89 

1-660 

57-4 

132 

1-450 

44-8 

90 

1-665 

67-7 

133 

1-455 

45-1 

91 

1-670 

67-9 

134 

1-460 

45-4 

92 

1-675 

58-2 

136 

1-466 

45-8 

93 

1-680 

58-4 

136 

1-470 

46-1 

94 

1-685 

58-7 

137 

1-475 

46-4 

95 

1-690 

68-9 

138 

1-480 

46-8 

96 

1-695 

59-2 

139 

1-485 

471 

97 

1-700 

59-5 

140 

1-490 

47-4 

98 

1-705 

59-7 

141 

1-495 

47-8 

99 

1-710 

60-0 

142 

1-5(K) 

48-1 

KM) 

1-715 

60-2 

143 

1-505 

48-4 

101 

1-720 

60-4 

144 

1-510 

48-7 

102 

1-725 

60-6 

145 

1-515 

49-0 

103 

1-730 

60-9 

146 

1-520 

49-4 

104 

1-735 

61-1 

147 

1-525 

49-7 

105 

1-740 

61-4 

148 

1-530 

50-0 

106 

1-745 

61-6 

149 

1-535 

50-3 

107 

1-750 

61-8 

150 

1-540 

60-6 

108 

1-755 

62-1 

151 

1-545 

50-9 

109 

1-760 

62-3 

152 

1-550 

51-2 

110 

1-765 

62-5 

153 

1-555 

51-5 

111 

1-770 

62-8 

154 

1-560 

51-8 

112 

1-775 

63-0 

156 

1-565 

52-1 

113 

1-780 

63-2 

156 

1-570 

52-4 

114 

1-785 

63-5 

157 

1-575 

52-7 

115 

1-790 

63-7 

158 

1-580 

53-0 

116 

1-795 

64-0 

159 

1-585 

53-3 

117 

1-800 

64-2 

160 

1-590 

53-6 

118 

1-805 

64-4 

161 

1-595 

63-9 

119 

1-810 

64-6 

162 

1-600 

54-1 

120 

1-815 

64-8 

163 

1-605 

54-4 

121 

1-820 

65-0 

164 

1-610 

54-7 

122 

I  -825 

65-2 

165 

1-615 

55-0 

123 

1-830 

65-5 

166 

1-620 

55-2 

124 

1-835 

65-7 

167 

1-625 

55-5 

125 

1  -840 

65-9 

168 

1-630 

55-8 

126 

1-845 

66-1 

169 

1-635 

56-0 

127 

1-850 

66-3 

170 

1-640 

56-3 

128 

1-855 

66-6 

171 

1-645 

56-6 

;   129 

1-860 

66-7 

172 

1-650 

56-9 

130 

1-865 

67-0 

173 
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GoHPARATiyE  Table  of  Hydboheteb  Degrees  Beavhe, 
Twaddle  and  Specific  Gravities  at  12'5°  C. 


Sp.  Gr. 

Degrcpj* 

Degrees 

8p.  Gr. 

Di»Ki'<H>s       1 

Dpgreei* 

Baiini6. 

Twaddle. 

Baiiin6. 

Twaddlf. 

1-000 

0 

00 

1-252 

29 

50-4 

1-007 

1 

1-4 

1-263 

30 

62-6 

1-014 

2 

2-8 

1-274 

31 

54-8 

1-022 

3 

4-4 

1-1'85 

32 

67-0 

1-029 

4 

5-8 

1-297 

33 

59-4 

1-037 

5 

7-4 

1-308 

34 

61-6 

1045 

6 

90 

1-320 

35 

640 

1-Oo2 

t 

10-4 

1-3J2 

36 

66-4 

1060 

8 

12-0 

1-345 

37 

69-0 

10(57 

9 

13-4 

1357 

38 

71-4 

1-076 

10 

150 

1-370 

39 

74-0 

1-083 

11 

16-6 

l-:<83 

40 

76-6 

1-091 

12 

18-2 

1-397 

41 

79-4 

1100 

13 

200 

1-410 

42 

82-0 

1-108 

14 

21-6 

1-424 

43 

84-8 

1-116 

15 

23-2 

1-438 

44 

87-6 

1-125 

16 

250 

1-453 

45 

90-6 

1-134 

17 

26-8 

l-4(i8 

46 

93-6 

1142 

18 

28-4 

1-483 

47 

96-6 

1-152 

19 

30-4 

1-498 

48 

99-6 

1-162 

20 

32-4 

1-514 

49 

102-8 

1-171 

21 

3V2 

1-530 

50 

1060 

1-180 

22 

36-0 

1-546 

51 

109-2 

1-190 

•j3 

38() 

1-563 

52 

112-6 

1  -200 

24 

40-0 

1-580 

53 

116-0 

1-210 

25 

42  0 

J -597 

54 

119-4 

1-220 

26 

44  0 

1-615 

55 

1230 

1-231 

27 

46-2 

1-635 

56 

126-8 

1-241 

28 

1 

48-2 

1 

Comparison  of  Therhohetric  Scales. 

°  C.  =  degrees  Centigrade ;  °  E.  =  degrees  Reaumur ; 

"  F.  =  degrees  Fahrenheit. 

Conversion  of  degrees  of  one  into  degrees  of  another  scale 


°C. 


R. 


F.  = 


4 

o 
°0. 


.5;  °C. 
•4 ;  °  R. 
•9  +  32 ; 


=  ("F 
°F.  = 


-  32)4; 


R. 


9  +  32. 
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*: 

• 

• 

«. 

mm 

1 

• 

• 

u 
3 

• 

1   1 

M 

C 
&. 

1 

t 
1 

%        \ 
t   , 

1 

1 

c 

4. 

1 

1 

- 

-f  1(H> 

i-80-0 

+  212-0 

+  53 

+  42-4 

f  127-4 

+  6 

+  4-8 

t--!2-S 

99 

79-2 

210-2 

52 

41-6 

125-6 

5 

4-0 

410 

98 

78-4 

208-4 

51 

40-8 

123-8 

4 

8-2 

39-2 

97 

77-6 

2'Mi-6 

50 

40-0 

122-0 

8 

2-4 

37-4 

9(1 

76-8 

204-8 

4!> 

392 

120-2 

2 

1-6 

35-(; 

9w 

76l> 

2(»3-0 

48 

88-4 

118-4 

1 

(KS 

33-8 

94 

75-2 

201-2 

47 

37-6 

116-6 

0 

(H) 

320 

98 

74-4 

199-4 

46 

36-8 

lU-8 

-1 

-0-8 

80-2 

92 

78(J 

197-6 

45 

36-0 

1130 

2 

1-6 

28-4 

91 

72-8 

195-8 

44 

35-2 

111-2 

8 

2-4 

2(;-6 

9<) 

72(» 

1940 

43 

34-4 

l(m-4 

4 

3-2 

248 

89 

71-2 

192-2 

42 

38-(i 

107-6 

5 

4-0 

28() 

8^ 

70-4 

1 90-4 

41 

32-8 

105-8 

6 

4-8 

21-2 

87 

69-6 

18S-6 

40 

82-0 

104-0 

7 

5-6 

19-4 

86 

68-8 

186-8 

89 

4^1-2 

102-2 

8 

6-4 

17-6 

85 

68  0 

1850 

88 

3:)-4 

100-4 

9 

7-2 

15-8 

84 

67-2 

183-2 

37 

29-(» 

98-6 

10 

8-0 

14-0 

83 

66-4 

181-4 

86 

28-8 

96-8 

11 

8-8 

12-2 

82 

65-6 

1 79-6 

35 

28-0 

95-0 

12 

9-(i 

10-4 

81 

64-8 

177-8 

34 

27-2 

93-2 

13 

10-4 

8-6 

80 

61-0 

176-0 

33 

26-4 

91-1 

14 

11-2 

iVH 

79 

68-2 

174-2 

32 

25-6 

89-6 

15 

12-0 

5*0 

78 

62-4 

172-4 

31 

24-8 

87-8 

16 

128 

3-2 

77 

61-6 

1 70-6 

8(» 

24-0 

86-0 

17 

13-6 

1-4 

76 

60-8 

168-8 

29 

23-2 

84-2 

18 

14-4 

-(»-4 

75 

r»  )0 

167-0 

28 

22-4 

82-4 

1!> 

1-5-2 

2*2 

74 

59-2 

165-2 

27 

21-6 

80-6 

20 

l(>-0 

4-0 

73 

58  4 

168-4 

26 

20-8 

78-8 

21 

l(»-8 

5-S 

72 

57r> 

161-6 

25 

20'0 

77  0 

22 

17-6 

7-6 

71 

5(ivJ 

159-8 

24 

19-2 

75-2 

28 

18-4 

94 

70 

56-0 

1580 

28 

18-4 

73-4 

21 

19-2 

11-2 

69 

55-2 

156-2 

22 

17-6 

71-6 

25 

200 

18-0 

68 

54- 1 

154-4 

21 

16-8 

69-8 

2(> 

20-8 

14-S 

67 

586 

152-6 

2) 

16-0 

680 

27 

21-6 

!(>-(» 

66 

52-8 

150-8 

19 

1 5-2 

6(J-2 

28 

22-4 

18-4 

(;5 

52-0 

1490 

18 

14-4 

64-4 

29 

23-2 

202 

(;4 

51-2 

147-2 

17 

13-6 

62-r, 

30 

24-0 

22-0 

68 

50-4 

145-4 

16 

12-8 

(iO-8 

31 

24-8 

28-S 

62 

49-6 

143-6 

15 

120 

590 

32 

25-6 

25(; 

61 

48-8 

141-8 

14 

11-2 

57-2 

33 

2()-4 

27-4 

60 

480 

140-0 

13 

10-4 

55-4 

34 

27-2 

29-2 

59 

47-2 

138-2 

12 

9-(; 

53-(> 

85 

28-0 

810 

58 

46-4 

136-4 

11 

8-8 

51-8 

3(1 

28-8 

32.S 

57 

45-6 

134-6 

10 

8-0 

500 

37 

29-6 

84(; 

56 

44-8 

132-8 

9 

7-2 

4S-2 

38 

80-4 

8(;-4 

55 

440 

1310 

8 

(»-4 

46-4 

39 

31-2 

H8-2 

54 

43-2 

129-2 

5-6 

44-6 

40 

320 

1  40-(.> 
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Basis  of  tub  Count  Systems  of  Yarns. 

CLASS   I. 

Lcfif/tJi  Units  per  Wciffht  Unit  =■  Count. 


SysU'in. 


Cotton,  English 
Cotton,  French 
Linen 
Worsted  . 
Wool,  French  . 


Lciifcbli  Unit. 


840  yds. 
1,000  metres. 
300  yds. 
560  yds. 
100  metres. 


Woight  Unit. 


1  lb. 

500  grms. 

1  lb. 

1  lb. 

1,000  grms. 


Yanls  jM»r  lb.  of 
No.  1. 


840 

992-12 

300 

560 

496 


CLASS    II. 

Weight  Units  per  Length   Unit  =  Count 


Jute 

Silk  and  arti-j 
ticial     silk, 
denier        .) 

Silk,  dram 


14,400  yds. 
476  metres. 
1,000  yds. 


lib. 
(       033-33 
!    deniers  - 
[        1  oz. 

1  dram. 


14,400 

4,411,919 

256,000 


1  denier  =  0053  grm. 

1  hank  of  cotton  yarn  measures  840  yds. 

1  lea  =  120  yds. 

1  hank  =  7  leas. 

Of  a  No.  10  yarn,  10  hanks  of  840  yds.  each  weigh  1  lb.  and 
of  a  No.  40  yarn,  40  hanks  of  840  yds.  each  weigh  1  lb. ;  but 
1  lb.  of  2/40s  yarn  contains  20  hanks  of  840  yds.  each,  and  1  lb. 
of  3/60s  yarn  contains  20  hanks  of  840  yds.  each. 
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Engineering  Calculations.^ 

Circumference  of  Circles, — 

D  =  diameter.     C  =  circumference. 
C  =  ttD  =  81416  D. 

D  =  ~  =  0-81831  C. 

Areas  of  Circles, — 

I)  =  diameter.     A  =  area. 

A  =^-7>2  =  -7854  lA 

4 
I)  =  '^  Y'^  =  1-1281  Va. 

Vt: 

Surfaces  of  Tubes  or  Cijlinders, — 

D  =  diameter  of  tube  or  cylinder  in  inches. 
L  =  length  of  tube  or  cylinder  in  inches. 
A  =  area  of  surface  of  tube  or  cylinder  in  square  feet. 
3-1416  DL 


A  = 


144 


Capacihj  of  Pipes  per  Foot  of  Lengthy  or  DischanjhKj  Capacity  of 
Pumps  per  Foot  Travel  of  Piston,  in  Imperial  Gallons. 

1>  =  diameter  of  pipe  or  pump  barrel  in  inches. 
C  =  capacity   per    foot    of    length    in   Imperial   gallons    = 
03397  D\ 

Capacity  of  a  Square  Vessel, — 

Multiply  length  X  width  X  height  in  feet  =  cubic  feet. 
Multiply  cubic  feet  X  6-22786  =  gallons. 

Volume  of  a  Cylinder, — 

V  =  area  of  base  X  perpendicular  height. 

Weight  of  Water  :—  0-16  cubic  feet  =  10  lbs. 

*  The  following  publications  have  been  consulted :  D,  A,  Low's 
Pocket  Booky  Ijongmans,  Green  &  Co.  ;  Molesirorth's  Pocket  Book, 
E.  &  F.  N.  Spon,  Ltd. 
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Pressure  corresponding  to  given  Heads  of  Water. — 
(Water  at  maximum  density,  39*2°  F.). 
H  =  head  in  feet. 

p  =  pressure  in  lbs.  per  square  inch  =  •4836  H. 
H  =  2-307  P. 
h    =  head  in  inches. 

P  :=  pressure  in  lbs.  per  square  inch  =  '03608  /*. 
Pressure  per  square  foot  —  62*4  //. 

Quantity  of  Heat. 

Unit  of  Heat, — A  unit  of  heat  is  the  quantity  of  heat  required 
to  raise  a  unit  mass  of  pure  water  one  degree  in  temperature,  the 
water  being  at  its  temperature  of  maximum  density. 

The  British  thermal  unit  of  heat  (B.Th.U.)  is  the  quantity  of 
heat  required  to  raise  one  pound  weight  of  pure  water  one  degree 
in  temperature,  on  Fahrenheit's  scale.  This  may  be  called  the 
pound-degree  Fahrenheit  unit. 

In  the  kilogramme 'degree  unit  the  kilogramme  is  the  unit  of 
mass,  and  the  centigrade  scale  is  used.  This  unit  is  called  the 
major  calorie^  but  frequently  it  is  called  simply  the  calorie. 

Combustion  and  Fuel. 

The  calorific  power  of  a  fuel  is  the  number  of  units  of  heat 
produced  by  the  combustion  of  1  lb.  weight  of  this  fuel. 

The  theoretical  evaporative  power  of  a  fuel  is  stated  in  lbs.  of 
water  evaporated  from  and  at  212°  F.,  and  is  obtained  by 
dividing  the  calorific  power  of  the  fuel  by  966. 

Calorific  Power  and  Evaporative  Power  of  Fuels. 


Wood,  air  dried,  with  20  %  water 

Peat,  air  dried,  with  20  ^/o  water 

Coal :  lignite,  air  dried   . 

Coal :  bituminous,  average 

Coal :  anthracite,  average 

.1  1        (  from 
Coke:   -  . 

(  to      . 

Petroleum      .... 


Evaporative 

Calorific  Power 

Power  in  Hw.  of 

in  B.Th.U. 

Water  ftam  and  at 

21S»  K. 

5,600 

5-80 

6,500 

6-73 

11,000 

11-39 

14,100 

14-60 

15,000 

16-53 

12,000       , 

12-42 

18,700 

14-18 

20,000 

20-70 
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Stkam. 

Saturated  Steam. — Steam  at  a  given  temperature  is  said  to  be 
saturated  when  it  is  of  maximum  density  for  that  temperature. 
Steam  in  contact  with  water  is  saturated  steam. 

Superheated  Steam. — If  dry  saturated  steam  is  heated  when 
not  in  contact  with  water,  its  temperature  is  raised  and  its 
density  is  diminished,  or  its  pressure  is  raised.  The  steam  is 
then  said  to  be  superheated. 

Pressure,  Temperature  and  Volume  op  Saturated  Steam. 


Pressure  In  AtmoMpheres. 

Temperature,  Degrees  C. 

Volume  in  Cubic  Metiesi, 
on  Kilo.  Steam. 

10 

100-0 

1-646 

1-5 

112-2 

1-114 

20 

121-4 

0-845 

2-5 

128-8 

0-772 

8-0 

1851 

0-574 

3-5 

140-6 

0-496 

40 

145-4 

0-488 

4-5 

149-1 

0-892 

50 

158-1 

0-855 

5-5 

156-8 

0-826 

6-0 

160-2 

0-801 

6-5 

168-5 

0-280 

7-0 

166-5 

0-262 

7-5 

169-4 

0-246 

80 

172-1 

0-282 

9-0 

177-1 

0-210 

10-0 

181-6 

0-191 

20-0 

214-7 

0-109 

1  atmosphere  =  14*707  lbs.  per  square  inch  absolute  pressure 
=  29*92  inches  of  mercury. 

Weight  of  Materials. 


Distilled  water,  39°  F. 

Acetic  acid . 

Hydrochloric  acid 

Nitric  acid  . 

Sulphuric  acid    . 

Olive  oil      . 

Steam  (at  one  atmosphere) 


8p.  Gr. 
1 

1-06 

1-2 

1-217 

1-84 

0-915 

0-00061 


WeiRht  of  a 
Cubic  Foot. 


62-425 
66-0 
75-0 
75-0 
115-0 
57-0 
0-038 


Weight  of  a 
Cubic  Inch. 


0-036 
0-038 
0-043 
0-044 
0-066 
0-033 
0-000022 
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Weight  of.  Pipes. 

7)  =  outside  diameter  of  pipe  in  inches. 
d    =  inside  diameter  of  pipe  in  inches. 
If  =  weight  of  a  lineal  foot  of  pipe  in  lbs. 

]r=  K(I)^  -  (P). 

K  =  2*45  for  cast  iron. 
=  2*64  for  wrought  iron 

—  2*82  for  brass. 

—  3'03  for  copper. 
~  3-86  for  lead. 

Pumps. 

7)  =  diameter  of  pump  in  inches. 
*S*  =  stroke  of  pump  in  inches. 
IAS  X  0-7854  =  cubic  inches. 
IAS  X  0-002833  =  gallons. 
IAS  X  0-0004545  =  cubic  feet. 
LAS  X  0-02833  =  lbs.  fresh  water. 

Centrifugal  Pumps. 


Diameter  of  fan,  inches   . 
Dischurge,  galls.  i)er  min. 


12 
1,200 


15 

1,800 


18  21 

2,700    3,600 


24 

4,800 


:^0 
7,500 


36 
1 0,800 


n 
li 

r 


Number  of  Teeth  in  Wheels. 

nunil)er  of  teeth  in  driving  wheel, 
number  of  teeth  in  driven  wheel, 
revolutions  of  driving  wheel, 
revolutions  of  driven  wheel. 

XR  NR 


n  = 


r 


r  = 


n 


Speed  of  Belt  and  Rope  Pulleys. 

D  and  d  =  diameter  of  driving  and  driven  pulleys  respec- 
tively. 

R  and  r  =  revolutions  per  minute  of  driving  and  driven 
pulleys  respectively. 

T'  =  speed  of  belt  or  rope  in  feet  per  minute. 


D  = 


dr 
R' 


d  = 


DR 


r 


R  = 


dr 
U 


r  = 


DR 
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22 

r  —  y^  X  />(feet)  X  It 

22 
=  y  X  rf   (feet)  X    r. 

In  a  train  of  pulleys,  let  Di,  D2,  etc.,  be  the  diameters  of  the 
driving  pulleys ;  let  rfi,  d^,  etc.,  be  the  diameters  of  the  driven 
pulleys ;  let  li  and  r  ba  the  number  of  revolutions  per  minute  of 
the  first  and  last  pulleys  respectively, 

Di  X  D2  X  Ds,  etc. 


then  r  =  R  X 


and  7i  =  7*  X 


rfi  X   (l2  X  ds,  etc/ 
di  X   d2  X  ds,  et<*. 


Di  X  Ih  X  7>3,  etc.* 
Best  speed  for  belts,  between  2,000  and  4,000  fest  per  minute. 
Best  speed  for  ropes,  4,800  feet  per  minute. 

Unit  of  WopiK. 

The  unit  of  nork  generally  used  by  engineers  is  the  foot-pounds 

and  is  the  work  done  by  a  force  of  one  pound  acting  through  a 

distance  of  one  foot. 

Horse  Power. 

A  working  agent  is  said  to  l)e  of  one  home  power  when  it  can  do 
33,000  foot-pounds  of  work  in  one  minute,  or  550  foot-pounds  in 
one  second. 

Weights  and  Measures.^ 

Metric  Sfjatem, — 

1  metre  (m.)  =  10  decimetres  (dm.)  =  100  centimetres  (cm.)  = 
1,000  millimetres  (mm.). 

1  litre  (1.)  =  1,000  cubic  centimetres  (c.c). 

1  cubic  metre  (cbm.)  =  1,000  litres. 

1  gramme  (grm.)  =  10  decigrammes  (dg.)  =  100  centigrammes 
(eg.)  =  1,000  milligrammes  (mg.). 

1  kilogramme  (kg.  or  kilo.)  ~  1,000  grammes. 

1,000  kilogrammes  =  1  ton  (t.),  i.e.,  metric  ton. 

50  kilogrammes  =  1  centner  (or  nearly  1  cwt.). 

10  grammes  =  1  dekagramme  (deka.  or  Dg.). 

100  grammes  =  1  hektogramme  (hg.). 

The  gramme  is  the  standard  unit  of  weight  of  the  metric 
system  and  is  equal  to  the  weight  of  1  cubic  centimetre  of  pure 

*  The  following  publirations  have  been   consnlted  :-  The   Pocket  Books 
of  Tho  Bayer  Co.,  Jjtd.,  and  of  Meister,  Lucius  and  liriiuing. 
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-s^iitfrT  <rrie;i.s  iT^'l  whiL-!:  ac  its  ^ei:.-:  ilor^-  rv.  m  t^:  i^-^ul    nn  I-r 
a  latitruie  of  -15  df^<rree».  at  s€a  level  .     Hence  : — 

1  cubic  centimeire  water  =  1  ^ranime. 

1  litre  Water  =  1  kil  »»mimme. 

1  en  hie  meter  water  =  1  t  >n. 

KfvjlUh  W*'io^tt$  an. I  M^a^nrt^M. — 

1  vard   =  3  feet :    1  foit  »'•   =  12  inches   t*^* :    1    inch   = 
12  lines  .'"». 

1  yard  =  9144  centimetres. 

1  foot  =  30*48  centimetres. 

1  inch  =  2*54  centimetres. 

1  metre  =  1-094  vard  =  3-281  feet  =  3:^37  inches. 

1  Im[ierial  gallon  (gall.)  =:  4  quart:?  ^4^*-)  ^  ^^^  pints  (pts. i  =: 
32  giUs. 

In  English  works,  2  noggins  =.  1  gill  tlO  tiuid  ozs.K 

2  gills  =  1  pint. 

In  Scotch  works,  4  gills  =  1  pint. 

1  gill    =  5  fluid  ozs. 

1  Imperial  gallon  =  4544  litres  =  4.544  cubic  centimetres. 

1  litre  =  0*22  Imperial  gallon. 

1  pint  =  0*568  litre. 

1  litre  =  1*76  pint. 

Taking  the  weight  of  a  cubic  fo^jt  of  pore  water  at  62^  F.  rt> 
62*2786  ll>s.,  the  following  results  are  obtained : — 

1  ton  of  pure  water  at  62^  F.  contains  ;35-9674  cubic  feet. 

1  pound  of  pure  water  at  62^  F.  contains  27  7463  cubic  inch*:-s. 

1  ton  of  pure  water  at  62''  F.  contains  224  gallon^. 

1  cubic  {(Hit,  of  pure  water  at  (*2^  F.  ontains  6"2278l>  gall  .ns. 

1  gallon  of  pure  water  at  (»2^  F.  contains  277*463  cubic  inches 
=  0*16  cubic  feet  =  10  n>s. 

1  culiic  inch  of  pure  water  at  62°  F.  weighs  0-03604  jjound. 

1  pr>un(l  avoirdupf>is  (lb.)  =  16  ounces  (ozs.)  ^  256  draehiiis 
(drms.). 

1  i)ound  avoirduiMiis  =  7,000  Troy  grains  (grs.^. 

1  tf)n  (gross  ton)  =  20  hundredweight  (cwt.)  =  2,240  lbs. 

1  hundredweight  =  4  quarters  (28  ll>s.  eiich)  =  112  lli©. 

1  t^>n  =  1,016  kilogrammes. 

1  ix)und  avoirdupois  =  453*5f?3  grammes, 
1  ounce  =  2S*319  grarnmes. 
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1  Troy  grain  =  0'065  gramme. 

1  kilogramme  =  2*205  ibs.  avoirdupois. 

1  gramme  =  15*434  Troy  grains. 

1  Imperial  gallon  cDntains  10  lbs.  avoirdupois,  or  70,000  grains 
of  water  (measur^'d  at  62^  P.,  under  a  barometric  pressure  of 
80  inches). 

Percentage  Table. 

In  this  table  the  percentage  of  colour,  etc.,  and  the  corre- 
sponding quantity  in  graname§j  per  100  kilos,  and  in  lbs.,  ozs.  and 
grains  per  100  lbs.  of  gooda  is  given. 


per  100 
ki!oi<. 

griiiM. 

per  lOO  IbH. 
lbs.  o&s.grs. 

% 

per  100 
kilos. 

prins. 

piT  100  lbs. 
lbs.  oz«.  grs. 

jier  100 
kiloK. 

per  100  llw. 

% 

1   % 

gllllH. 

lbs.  02«.  grn 

0  001 

1 

0-29 

290 

4  280 

0-66 

660 

10  245 

0()02 

2 

14 

0-30 

300 

4  350 

0-67 

670 

10  315 

0003 

3 

21 

0-31 

310 

4  420 

0-68 

680 

10  385 

0-004 

4 

28 

0-32 

320 

6  53 

0-69 

690 

11  18 

0-005 

5 

35 

0-33 

330 

5  123 

0-70 

700 

11  88 

0-006 

6 

42 

0-34 

340 

5  193 

0-71 

710 

11  158 

0-007 

7 

49 

0-35 

350 

5  263 

0-72 

720 

11  228 

0-008 

8 

56 

0-36 

360 

5  333 

0-73 

730 

11  298 

0-009 

9 

63 

0-37 

370 

5  403 

0-74 

740 

11  368 

0-01 

10 

70 

0-38 

380 

6  35 

0-75 

750 

12  — 

0-02 

20 

140 

0-39 

390 

6  105 

0-76 

760 

12  70 

0-03 

30 

210 

0--10 

•100 

6  175 

0-77 

770 

12  140 

004 

40 

280 

0-41 

410 

6  245 

0-78 

780 

12  210 

0-05 

50 

350 

0-42 

420 

6  315 

0-79 

790 

12  280 

0-06 

60 

420 

0-43 

430 

6  385 

0-80 

800 

12  350 

0-07 

70 

53 

0-44 

440 

7  18 

0-81 

810 

12  420 

0-08 

80 

123 

0-45 

450 

7  88 

0-82 

820 

13  53 

0-09 

90 

193 

0-46 

460 

7  158 

0-83 

830 

13  123 

010 

100 

263 

0-47 

470 

7  228 

0-84 

840 

13  193 

01 1 

110 

333 

0-48 

480 

7  298 

0-85 

850 

13  263 

012 

120 

403 

0-49 

490 

7  368 

0-86 

860 

13  333 

0-13 

130 

35 

0-50 

500 

8  -- 

0-87 

870 

13  403 

014 

140 

106 

0-51 

510 

8  70 

0-88 

880 

14  35 

0-16 

150 

176 

0-52 

520 

8  140 

0-89 

890 

14  105 

0-16 

160 

246 

0-53 

530 

8  210 

0-90 

900 

14  175 

017 

170 

316 

0-54 

540 

8  280 

0-91 

910 

14  245 

0-18 

180 

2 

386 

0-55 

550 

8  350 

0-92 

920 

14  315 

019 

190 

3 

18 

0-56 

560 

8  420 

0-93 

930 

14  385 

0-20 

200 

3 

88 

0-57 

570 

9  53 

0-94 

940 

15  18 

0-21 

210 

3 

158 

0-58 

580 

9  123 

0-95 

950 

15  88 

0-22 

220 

3 

229 

o-.^a 

590 

9  193 

0-96 

960 

15  158 

0-23 

230 

3 

299 

0-60 

600 

9  263 

0-97 

970 

15  228 

0-24 

240 

3  369 

0-61 

610 

9  333 

0-98 

980 

15  298 

0-25 

250 

4 

— 

0-62 

620 

9  403 

0-99 

990 

15  368 

0-26 

260 

4 

70 

0-63 

630 

10  35 

100 

1  kilo. 

1 

0-27 

270 

4 

140 

0-64 

640 

10  105 

0-28 

280 

4 

210 

0-65 

650 

10  175 

B.D. 
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C 

!oNVERSION 

OF  Kilo 

JRAMMES    ] 

[NTO    POUNDI 

3. 

Approxinnt-** 

Kilogrammeti. 

cwtn. 

tjrs. 

lbs. 

OZ8. 

con  version 

0 

0 

intx>  Ib!^. 

I 

2 

3J 

2J 

2 

0 

0 

4 

6i 

n 

3 

0 

0 

6 

91 

6§ 

4 

0 

0 

8 

13 

8| 

5 

0 

0 

U 

OJ 

11 

6 

0 

0 

13 

H 

m 

7 

0 

0 

15 

7 

15i 

8 

0 

0 

17 

lOJ 

1"! 

9 

0 

0 

19 

13i 

195 

10 

0 

0 

22 

Of 

22J 

20 

0 

1 

16 

H 

4H 

30 

0 

2 

10 

^ 

66g 

40 

0 

3 

4 

3 

88 

60 

0 

3 

26 

H 

UOi 

60 

0 

20 

-H 

132 

70 

1 

14 

H 

154 

80 

2 

8 

6 

176 

1)0 

3 

2 

H 

198 

100 

3 

24 

7 

220^ 

200 

3 

3 

20 

15 

441 

300 

5 

3 

17 

6 

66  li 

400 

7 

3 

13 

14 

882 

500 

9 

3 

10 

5 

1102^ 

Conversion  of  Pounds  into  Kilogrammes. 


1  lb.   - 

0-454 

Kilo. 

21b 

0-907 

»» 

3    , 

1-361 

Kilos 

4    , 

.      

1-814 

5    , 

2-268 

6    , 

— 

2-722 

,           z:^ 

3175 

8    , 

,          z-z: 

3-G29 

9    , 

4-082 

10    , 

4-536 

11     , 

4-990 

12    , 

,           .::::= 

5-443 

13    , 

5-897 

H    , 

6-350 

15    , 

6-801 

16    , 

7-258 

17    , 

7-711 

18    , 

8-165 

,  _ 

19    , 

8-618 

99 

20  lbs.     - 

9072  Kilos 

21    , 

9-526 

22    , 



9-979 

23    , 

10-433 

24    , 

«             _— 

10-886 

25    , 

.             ^_ 

1 1  -340 

26    , 

11-794 

27    , 

.             ^_ 

12-247 

28    , 

1             "^^ 

12-701 

29    , 

13-154 

30    , 

13-608 

31    , 

14-062 

32    , 

14-515 

33    , 

14-969 

34    , 

.             ^-_ 

15-422 

35    , 

•                                  w- 

15-876 

36    . 

— 

16-330 

37    , 

16-783 

38    , 

9                 ***" 

17-237 
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CoNVBKSiON  OP  Pounds  into  KiLOORiiuMES — continued. 


39  lbs.  =  17-690  Kilos. 

50  lbs.  -  22-680  Kilos. 

40  , 

,   =  18-144   „ 

60  , 

,   -  27-216   „ 

41  , 

,   =  18-598   „ 

70  , 

.   =  31-752   „ 

42  , 

,   -  19051   „ 

80  , 

,   -  36-288   „ 

43  , 

,   =  19-505   „ 

90  , 

,   -  40-824   „ 

44  , 

,   -  19-958   „ 

100  , 

,   =  46-360   „ 

45  , 

,   =  20-412   „ 

200  , 

,   -  90-720   „ 

46  , 

,   -  20-866   „ 

300  , 

,   -  136-080   „ 

47  , 

,   -  21-319   „ 

400  , 

,   -  181-440   „ 

48  , 

,  =    21-773   „ 

500  , 

,   =  226-800   „ 

49  , 

,    -  22-226   „ 

Conversion  of  Grains,  Ozs.,  Lbs.,  Qrs.,  Cwts.,  into 

KiLOGRAMMBS. 

7-716  grains  =    0-5  gramme 
16-432      „       =    1-0 
154-323      „       =  100  grammes 
437^  grains  =  1  oz.     =  28*3  grammes 
16    0258.       =  lib.     =  463-59       „ 
28    lbs.       =  1  qr.    =12  kilos.  712  grammes 
4    qrs.       =  1  cwfc.  =  112  lbs.  =  50  kilos.  803  grammes 
20    cwts.    =  1  ton.  =  1016-06  kilos. 

1  oz.  =    437i  grs.  =    28-3502  grammes 


4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


2ozs.=    875 
3  „    =  1312i 

=  1750 

=  2187i 

=  2625 

=  3062i 

=  3600 

=  3937i 

=  4376 

=  4812i 

=  5250 

=  6687J 

=  6125 

=  6562* 

=  7000" 
1  milligramme  = 
1  centigramme  = 
1  decigramme  = 
1  decagramme  = 
1  hectogramme  = 


»» 


»> 


»» 


>' 


>» 


>» 


»> 


>» 


>» 


»> 


»> 


»» 


ti 


>» 


56-6991 
=  85-0486 
=  113-3981 
=  141-7482 
=  1700972 
=  198-4466 
=  226-7962 
=  265-1457 
=  283-4952 
=  311-8448 
=  340-1942 
=  368 '6438 
=  396-8933 
=  425-2428 
=  453-5923 
0-001 
001 
0-1 

10-000 
100-000 


1  kilogramme  =  1000-000 


D  D  2 
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Conversion  op  Gbamhes  into  Ozs.  and  Grains. 


1  gnu.  =  15*43  grs. 

51  gniis.   787*04  grs.  =  loz.  350  gre. 

2grm8.  =  30-86 

52   , 

,  =  802-48  , 

,  =1  , 

,  365  „ 

3   , 

,   =  46-30 

53  , 

,  =  817*91  , 

t  =1  , 

,  380  „ 

4   , 

,   =  61-73 

54   , 

,  -  833*34  , 

,  =1  , 

,  395  „ 

0        J 

,   -  77-16 

55  , 

,  =  848-77  , 

,  -1  , 

,  411  „ 

6   » 

,   -  92-59 

56  , 

,  -  864-21  , 

,  =1  , 

,  427  „ 

7   , 

.   =  10803 

57   , 

,  -  879-64  , 

,  =2  , 

,  005  „ 

«   t 

,   =:  123-46 

58   , 

,  --  895  07  , 

,   2  , 

,  020  „ 

9   , 

.   -  138-89 

59  , 

,  -  910-50  . 

t  =2  , 

,  036  „ 

10  , 

,   -  154-32 

60   , 

,  -  925-94  , 

,  -2  , 

,  051  „ 

11   » 

,   =  169-76 

61   , 

,  =  941-37  , 

»  =2  , 

,  066  „ 

12   , 

,   -  185-19 

62   , 

,  -  956-80  , 

»  =2  , 

,  082  „ 

13   , 

,       =  200-62 

63   , 

,  -  972-23  , 

»  -2  , 

,  097  „ 

14   » 

,   -  21605 

64   , 

,  -  987-67  , 

t  -2  , 

,  113  „ 

15   , 

,   -  231-48 

65   , 

,  =1003-10  , 

.  =2  , 

,  128  „ 

16   , 

,   =  246-92 

66   , 

,  =1018-53  , 

,  =2  , 

,  144  „ 

17   , 

,   -  262-35 

67   , 

,  - 1033-96  , 

t  =2  , 

,  159  „ 

18   , 

,   =  277-78 

68   , 

,  =1049-39  , 

,  =2  , 

,  174  „ 

19   , 

,   =  293*21 

69   , 

,  -1064-83  , 

»  =2  , 

,  190  „ 

20   , 

,   -  308*65 

70   , 

,  =1080-26  , 

,  =2  , 

,  205  „ 

21   , 

,   -  324*08 

71   , 

,  =  1095-69  , 

,  =2  , 

,  220  „ 

22   , 

,   -  339-51 

T2   , 

,  -111112  , 

1  -2  , 

,  236  „ 

23   , 

,   -  354-94 

73   , 

,  -1126-56  , 

2 

»  252  „ 

24   , 

,   -  370*38 

k. 

74   , 

,  -1141-99  , 

\   =2  i 

»  267  ,. 

25   , 

,   -  385*81 

75   , 

,  -1157-42  , 

,  =2  , 

t  282  „ 

26   , 

,   =  401-24 

76   , 

,  -1172*85  , 

.   =2  , 

,  298  „ 

27   , 

,   =  416*67 

,  =1188*29  , 

»  =2  , 

,  313  „ 

28   , 

,  =   43211 

78   , 

,  -1203*72  , 

»  =2  , 

,  329  ,. 

28*36  gnna.   43 7  J  grw.   1  oz. 

79   , 

,  -  1219-15  , 

.  =2  , 

,  344  „ 

29  grms.   447*63  grs.  1  oz.  10  gre. 

80   , 

,  =1234-58  , 

,  -2  , 

,  360  „ 

30   , 

,  -  462-97  „ 

,  25  „ 

81   , 

,  ----1250-02  , 

,  -2  , 

,  375  „ 

31   , 

,  =  478*40  „ 

,  41  „ 

82   , 

,  =-1266-45  , 

1  -2  , 

»  390  „ 

32   , 

493*83  „ 

* —  *■  i 

,  66    „ 

83   , 

,  -1280-88  , 

,  -2  , 

,  406  „ 

33   , 

,  -  609*26  „ 

~~  '■  i 

»  72  „ 

84   , 

,  =1296-31  , 

,  =2  , 

,  421  „ 

34   , 

,  -  524*69  „ 

-  -  \ 

.  87  „ 

85   , 

,  -1311-74  , 

»  =2  , 

,  437  „ 

35   , 

,  -  540*13  „ 

—  1  • 

,  102  „ 

86   , 

,   -1327-18  , 

,  =3  , 

,  016  „ 

36   , 

,  -  555*56  „ 

,  118  „ 

«7   , 

,  -.1342*61  , 

,  =3  , 

,  030  „ 

37   , 

,  -  570*99  „ 

,  133  „ 

88   , 

,  - 136804  , 

,  =3  , 

,  (H5  „ 

38   , 

,     -   586*42  „ 

—  1  . 

,  149  „ 

89   , 

,  -1373-47  , 

,  =3  , 

,  061  „ 

39   , 

,  -  601-86  „ 

—  \ 

,  164  „ 

90   , 

.  =1388*91  , 

,  =3  , 

,  076  „ 

40   , 

,  =  617-29  „ 

—  X  . 

,  180  „ 

91   , 

,  -1404*34  , 

,  -3  , 

y   092   ,. 

41   , 

,  -  632-72  „ 

—  1 

,  195  „ 

92  , 

,  =1419*77  , 

,  =3  , 

,  107  „ 

42   , 

,  -  648-15  „ 

,  210  „ 

93   , 

,  -1435-20  , 

,  =3  , 

,  123  „ 

43   , 

,  =  663*59  „ 

,  226  „ 

94   , 

,  -1450-64  . 

,  =3  , 

,  138  „ 

44   , 

,  -  679*02  „ 

—  1 

,  241  „ 

95   , 

,  -1466-07  , 

,  =3  , 

,  154  „ 

45   , 

,  =  694*45  „ 

—  X  • 

,  257  „ 

96   , 

,  -1481-50  , 

,  -3  , 

,  169  ,. 

46   , 

y     =  709*88  „ 

—  \ 

,  272  „ 

97   , 

,   -1496-93  , 

,  =3  , 

»  184  „ 

47   , 

,  -  725*32  „ 

1  • 

,  288  „ 

98   , 

,  =1512*37  , 

1  -3  , 

,  200  „ 

48   , 

,  =  740*75  „ 

,  303  „ 

99   , 

,  =1527*80  , 

»  -3  , 

,  215  „ 

49   , 

,  =  756*18  „ 

■^_  X     . 

,  319  „ 

100  , 

,  -1543-23  , 

,  =3  , 

,  230  ,, 

50   , 

,     -   771-61  „ 

,  334  „ 
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GONVBBSIOK   OF   GbAMHES   PEB   LiTRB   INTO    GlUUHES  AND    OUNCES 

PER  Gallon. 


Per  litre. 

Per  gallon. 

Per  gallon. 

grm.  1  — 

4}  grms.  — 

i   oz. 

grms.  2 

9   , 

,   — 

i    . 

,   3  = 

134  . 

i    , 

,   4  - 

18   , 

— 

§  * 

,   5  = 

22i  , 

i    . 

,   6  - 

27   . 

— 

1   , 

,   7  - 

31}  , 

— 

IJ  . 

,   8  - 

36   , 

— 

H    , 

,   9  = 

40}  , 

— 

H  . 

,  10  - 

45   , 

n  , 

,  11  - 

49}  , 

18  , 

,  12  - 

54   , 

— 

2   , 

.  13  - 

58}  , 

'^i     , 

,  14  = 

63   , 

— 

2J  , 

,  15  - 

67i  , 

— 

H    , 

»  16  - 

72   , 

2§  , 

,  17  - 

76}  , 

2S  , 

,  18  - 

81   , 

-   .^..^ 

3   , 

,  19  - 

85}  , 

^3*  , 

,  20  - 

90   , 

— 

3}  . 

,  30  = 

135   , 

5   , 

,  40  - 

180   , 

6S  . 

,  50  - 

225   , 

— 

H    , 

,  60  - 

270   , 

10   . 

,  70  = 

316   , 

— 

113  , 

,  80  = 

360   , 

13J  , 

,  90  = 

405   , 

15   , 

,  100  = 

450   , 

.   -.^ 

16§  , 

,  200  = 

900   , 

33J  , 

.  =  2  Ibe.  1}  oz 

,  300  = 

1350   , 

-     :^i 

50   , 

»  —  3  ,,  2   ,, 

,  400  - 

1800   , 

— 

66$  , 

4  „  28  ., 

,  500  - 

2250   , 

— 

83§  , 

.      5  ,,  3}  ., 

Conversion  of  Gallons,  Pints  and  Gills  (Water)  into 

Lbs.  and  Ozs. 


1  gallon    = 

1  pint        = 

2  pints      = 
3 
4 


») 


»» 


1  pint 
1  quai-t 
1  gallon 


10  lbs. 

li  M 
2} 

H 
5 


»» 


5  pints 
6 

7 
8 


it 


>» 


62  lbs 
VJ 

10 


If 


)) 


2  pints 
4  quarts 


2  gills  -     IJ  lbs. 
=  4     „     ^-    2}    „ 

=  8  pints  =  32     „     =  10 


I  > 
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CONVBRSION    OF    LiTRES    INTO    GALLONS   AND    PlNTS. 


Litres. 

Gallons. 

PiDtB. 

Gills. 

Litres. 

Gallons. 

Pints. 

Gills 

1 

1 

3  0 

15 

^^ 

3 

2 

1-6 

2 

3 

21 

16 

.^ 

3 

4 

0-7 

3 

— 

0 

11 

17 

3 

O 

3-7 

4 

7 

0-2 

18 

3 

7 

2-8 

5 

8 

3-2 

19 

— 

4 

1 

1-8 

6 

_ 

1 

2 

2-3 

20 

.^ 

4 

3 

0-9 

7 

— 

1 

4 

1-3 

21 

— 

4 

4 

3-9 

8 

— 

1 

6 

0-3 

22 

4 

6 

30 

9 

_ 

1 

7 

3-4 

23 

5 

0 

20 

10 

.^» 

2 

1 

2-4 

24 

— 

5 

2 

10 

11 

___ 

2 

3 

1-5 

26 

5 

4 

01 

12 

:=:: 

2 

5 

0-5 

50 

— 

11 

0 

0-2 

13 

2 

6 

3-6 

75 

16 

4 

0-2 

H 

3 

0 

2-6 

100 

— 

22 

0 

0-3 

Conversion  of  Cubic  Centimetres  into  English  Measures. 


1  cubic  centimetra 

— 

17  minimB. 

2  cubic  centimetres 

34 

»» 

3 

»» 

51 

»» 

4 

»» 

68 

)) 

or 

1 

drachm 

8  minims. 

5 

)i 

— 

85 

»> 

»> 

1 

»» 

25 

»* 

6 

»» 

— 

102 

»» 

»> 

1 

>> 

42 

»» 

7 

»» 

— 

119 

»» 

1* 

1 

»» 

59 

>» 

8 

»» 

— 

136 

»» 

♦f 

2  drachms  16 

, , 

9 

>» 

— 

153 

i« 

)» 

2 

»» 

33 

»» 

10 

1) 

— 

170 

»i 

»> 

2 

»> 

50 

>• 

20 

n 

340 

»> 

»» 

5 

»» 

40 

»> 

30 

»» 

510 

ty 

>» 

1 

ounce 

0  drachm   30 

minims 

40 

ft 

— 

680 

)) 

>i 

1 

)) 

3  drachms  20 

50 

» ♦ 

850 

>» 

»» 

1 

a 

6 

„        10 

60 

f « 

1020 

»» 

♦» 

2 

ounces 

1 

0 

70 

»• 

1190 

!• 

»» 

2 

»i 

3 

„       50 

80 

•  1 

1360 

»» 

>» 

2 

n 

6 

„       40 

90 

»» 

— 

1530 

»» 

It 

3 

1* 

1 

„       30 

100 

•  1 

1700 

»> 

tt 

3 

M 

4 

„        20 

1,000 

j» 

— 

1  litre 

-  34  fluid 

ounces  nearl' 

4 

y,  or  l|pu 

its. 

Conversion  of  Gallons  into  Litres. 


1  Imp.  gallon             4*544    litres 

40  Imp.  gallons 

=    181-744  litres 

2  Imp.  gallons  —      9*087 

50 

=    227-180     „ 

3             „            -     13*631       „ 

60 

t 

=    272-616     , 

4 

-     18-175       „ 

70 

• 

=    318-052     , 

5 

-     22*718       „ 

80 

» 

=    363-488     , 

6 

=    27*262       ., 

90 

•  > 

=    408-924     , 

7 

=     31-805       ,. 

100 

• 

-    454-360     , 

8 

-     36-349       ,. 

200 

. 

-    908-720     , 

!» 

-     40*892       .. 

300 

II 

-  1363080 

10 

-     45-436       ., 

400 

!• 

-  1817-440 

20 

-    90-872       ,, 

600 

>» 

-  2271-800 

30 

-  136*308       „ 

1,000 

1 

-  4543-600 

INDEX 

t 

Since  the  Artificial  Df/Mtuffs  have  been  stated  in  alphabetical  order  in  Parts  VIII. 
to  XIV,,  only  such  have  been  indexed  as  are  specially  tneniioned  in  the  text. 

Abbreviations  used  in  Parts  VIII.  to  XIV.,  182 
Acacia  catechu,  179 
Acetate  of  iron,  41,  42 
lime,  34 
soda,  53 
sUk,  4,  12 
Acetic  acid,  23,  24 

action  of,  on  cotton  4 
Acetylcellulose,  4 
Acid'dyestuflfs,  270—273 
Acids,  action  of,  on  cotton,  3,  4 
Acridine  dyestuffs,  189 
Adrianople  Red,  311 
After-treatments  of  Immedial  dyestuffs,  246,  247,  248 

substantive  dyestuffs  \nth  metallic  salts,  etc.,  196, 197, 224—227 
sulphur  dyestuffs,  238 
Aged  black,  332—338 
Ageing,  Aniline  black,  333—338 

chamber  for  cotton  yam,  333 
of  logwood,  171 
Ager,  Mather-Platt,  for  steam  black,  176,  337,  338 
A^ole  Blue,  CF  paste  and  3G  paste,  300,  301 
dyestuffs,  300—303 

dissolving  of,  302 
preparation  of  the  vat,  302 
Table  giving  additions  for  dyeing  with,  303 
Green  B  paste,  300 
Pink  R,  302 
Red  R  extra,  302 
Scarlet  6,  302 
AL'zarine,  178 

Blue  paste,  325 

CB  powder,  326 
F  paste,  326 
Brou-ns,  324 
Claret,  324 

R,  328 
Green,  324 
Indigo,  301 
oil,  68 

one- bath  colours,  323 
Orange,  109,  324 
paste,  20  per  cent.,  327 
reds  dyeing  on  piecegoods,  318,  319 
Reds,  324 
YeUow.  109.  324 
Alizarines,  dyeing  cops  and  cheeses  with,  328 

Qiode-shades  with,  32^ 
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Alizarines — ccmiinwvl. 

dyeing  on  chromium  mordant,  325 — 327 

without  oiling,  326,  327 
on  combined  aluminium  and  iron  morJant,  327 
on  iron  mordant,  327 
together  ^nth  wool  dyestuCFs,  328 
Erban-Specht's  method  of  dyeing,  323,  324 
mordants  for  dyeing  light  shades  with,  324 
topping  of,  witb  basic  dyestuffs,  325 
Alkali,  action  of,  oa  cotton,  5,  141 — 154 

Blues,  272 
Alkaline  chrome  mordant,  22 

pink  mordant,  26 
Alpha-naphthol,  47,  216 
Alpha-naphthvlamine,  47,  281,  282 

base,  281 
claret,  281,  282 

preparing  bath  for,  281 
Alum,  25 
Alumina,  27 
Alumfnate  of  aoda,  26 
Aluminium  acetate,  26 

preparation  of,  324 
actotates,  basic,  26 
hydrate,  27 
hydroxide,  27 
hypochlorite,  27 

iron  mordant,  dyeing  Alizarines  on  combined,  327 
sulphate,  27 
sulphate-acetates,  28 
sulphates,  basic,  27 
sulpho- acetates,  28 
Amidodiphenylamine,  217 
Amidonaphtholsulphonic  acid,  217 
Aminoazobenzene,  283 
Aminoazotolusne,  283 
Ammonia,  29 

alum,  25 
Ammoniac,  Sal,  29 
Ammoniacal  cochineal,  180 
Ammonium  chloride,  29 
hydroxide,  29 
sulphocyanide,  29 
thiocyanate,  29 
vanadate,  31 
Amyloid,  3 
Analysis,  Capillary,  374 

of  dyestuffs,  373—383 
textile  fibres,  385,  386 
water,  14 — 16 
Aniline,  31 

black,  109,  329—338 

aged  black,  332—338 

on  cotton  yarn,  332 — 334 
on  loose  cotton,  332 
on  piecegoods,  335 
plant  for  the  production  of,  336,  337 
Boboeufs  one-bath,  330,  331 
bottom  for  indigo,  297 
cold  process  of  dyeing  one- bath,  331 
dved  black,  329—332 
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Aniline  black — continued. 

greening  of,  329 
Cwreen's,  336 

methods  of  dyeing  one-bath,  329 — 332 
steam  black,  337,  338 
topping  cross-dye  dyestuffs  with,  260,  261 
ungreenable,  329 
hydrochloride,  31 
salt,  31 
Annatto,  180 
Antichlor,  54,  63 
Antimonine,  31 

Antimony  compounds,  relative  strength  of,  33 
lactate,  31 
salt,  32 

sodium  fluoride,  32 
trioxide,  32 
Aqua  fortis,  47 — 49 
Areca  catechu,  179 
Arsenate  of  soda,  54 
Artificial  dvestuffs,  182—340 
fibres,  9 
horse- hair,  9 
indigo,  285—297 
.  jute,  12 
silk,  9 

bleaching  of,  140 
dyeing  of,  9,  10,  12 
Atomic  weights,  387 
Auramine,  192 
Auronal  Blues,  268 

dyestuffs,  dissolving  of,  268 

dyeing  wTth,  268,  269 
Autog'ne  Black,  267 
Azo-colours,  fastness  of  insoluble,  274 

insoluble,  produced  on  the  fibre,  274 — 283 
Azoflavine,  271 
Azophor  Blue  D,  282,  283 
Orange,  283 

coupling  with,  222 
Pink,  283 
Red,  221,  277,  278 

coupling  with,  222 
Azo  Pink,  283 


Babk,  177 
Barlow  kier,  92 
Bar  wood,  178 

Basic  aluminium  sulphates,  27 
chromium  acetate,  37 
chloride,  37 
cotton  dyestuffs,  183 — 195 
dyestuffs,  application  of  the,  186 — 195 
dissolving  of,  186,  187 
dyeing  in  one  bath,  190 

on  tannin  mordant,  187 — 189 

on  tin  or  tin  and  tannin  mordant,  191,  192 

on  unmordanted  cotton,  191 

cops  and  cheeses  \nth,  194 

piecegoods  with,  195 


410  INDEX 

Basic  dyestuffa — continued. 

dyeing  warps  viith,  194 

fastness  of,  186 

mordanting  with  tannins  for,  187,  188 

special  methods  of  dyeing,  189 — 195 

topping  Alizarines  with,  325 

substantive  dyestuflis  with,  227 
sulphur  dyestuffs  with,  237.  238 
Basterd  saffron,  177,  178 
Baj-er's  Turkey-red  process,  on  piecegoods,  323 

on  yarn,  322 
Beater,  Farmer's  patent,  123,  124 
Beaum^  degrees,  388 

hydrometer,  388 
Beaumont's  cop  dyeing  machine,  358 
Belt  and  rope  pulleys,  speed  of,  398,  399 
Bengal  catechu,  179 
Benzidine,  33,  283 
Benzoazurine,  225 
Benzo  Copper  Blue,  209 

Fast  Scarlet,  after  treatment  of,  226 
Indigo  Blue,  209 
Berries,  Persian,  177 
Besan9on  silk,  9 
Beta-naphthol,  47,  216 

colours,  274 
R,  47,  275 

solution  for  Paranitraniline-red,  275,  276 
Beta-naphtholsulphonic  acid,  217 
Beta-naphthylamine,  283 
Bichromate  of  potash,  50,  51 

soda,  54 
Bilactate  of  antimony,  31 
Bistre,  161,  162 
Bisulphite-zinc  lime  vat,  290 

soda  vat,  290 
Black,  Aniline,  109,  329,  338 
Chrome,  172,  173 
Diphenyl,  109,  338,  339 
liquor,  41,  42 
ou  stains,  85 
Prud*homme,  338 
scouring  of  cotton  cloth  for,  105 
Steam,  337,  338 
Vanadium,  335 
Blackley  Blues,  193,  272 
Bleaching,  70—140 

artificial  silk,  140 
brocades,  101 — 103 
cheeses,  78,  79 
chinagrass,  139 
coloured  goods,  108 — 112 
cops,  78,  79 

cotton  piecegoods,  85 — 113 
sliver,  78 
yam,  79—81 

tensile  strength  of,  after  iO 
dhooties,  109.  110,  111 
drills  109.  110 
dyestuffs  fast  to,  109 
farcy  \>oven  goods,  101 — 103 
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Bleaching — continued, 

for  ffeneral  purpoees,  101 
handkerchiefs,  111,  112 
hemp,  137 
jute,  137—139 

Buflch's  method,  138,  139 
Cross  and  Bevan's  method,  139 
kiers,  89—101 
lawns,  101—103 
linen,  132—137 

piecegoods,  136 — 137 
yam,  134,  135 
liquors,  preparation  of,  70 
loose  cotton,  78 
Monopole  soap  in,  70,  114 
mulls.  111,  112 
Oxfoids,  109,  110 
paste,  110 
powder,  34,  35 

apparatus  for  dissolving,  71 
stirring  arrangement  for  dissolving,  71 
process,  Erban  and  Pick's,  79 
Geisenheimer's,  115 
Hadfield  and  Sumner^s,  115 
Hertel's,  115 
H.  Koechlin's,  114,  115 
Lunee's,  115 
Mather-Thompson,  115 
Meister,  Lucius  and  Bruning's,  79 
Sa«et*s,  115 

Scurati  Manzoni's,  115,  116 
Thies  and  Herzig*s,  114 
processes,  special,  113 — 117 

for  linen,  137 
Turkey-red  oil  in,  79,  114 
warps,  79 
with  ozone,  117 

peroxide  of  hydrogen,  116 
potassium  permanganate,  115,  116 
sodium  hypochlorite,  113,  114 
sodium  perborate,  117 
sodium  peroxide,  117 
Bleach  works,  plan  of  small,  133 
Bleu  de  Lille,  272 
Blue,  Azophor,  282,  283 
developer  AN,  217 
Dianisidine,  282,  283 
Naphthol,  282,  283 
Prussian,  161 
stone,  39,  40 
vitriol,  39,  40 
Boboeuf  s  one-bath  Aniline  black,  330,  331 
Boilmg  kiers,  89—101 
Bombav  catechu,  179 
Borax,  55 

Bordeaux  developer,  217 
Bowking,  103 

^*  Bowl     for  impregnating  vam  with  naphthol  solution,  27.' 
Brass,  action  of  finely  divicied,  on  cotton,  4 
Brazil  wood,  178 
Brilliant  Crocelne,  272 
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Brilliant  OraMe  G,  272 
Sky  Blues,  209 

British  thermal  unit  of  heat,  396 

Broaching  stick,  346 

Brocades,  bleaching  of,  101 — 103 

Brome  indigo  FB  paste,  302,  303 

Bronnert  silk,  10 

Bronze  liquor,  46 

Brown  on  lo^se  cotton  with  citechu,  ISl 
warps  with  catechu,  181 
yam  with  catechu,  180,  181 

Bucking,  103 

Buff,  Iron,  159,  160 

Burnt  lime,  3o,  36 


Cachou  R,  267 

de  Laval,  267 
Cfesalpina,  178 
Calcium  acetate,  34 

carbonate,  34 

hydrate,  34 

hydroxide,  34 

hypochlorite,  34 

oxide,  35 
Calico,  scouring  of  plain,  105 
Calorie,  396 
Campeachy  wood,  170 
Camwood,  178 
Capillary  analysis,  374 
Capri  dyestuffs,  189 
Carbolic  acid,  v.  Phenol. 
Carbonate  of  lime,  34 
Carthamus  tinctoria,  177 
Castor  oil,  36 

soap  for  Para-red,  53 
Catochin,  179 
Catechu,  178,  179 

Acacia,  179 

Areca,  179 

Bengal,  179 

Bombay,  179 

Brown  on  loose  cotton  with,  181 
warps  with,  181 
yam  with,  180,  181 

dyeing  with,  179—181 

Pegu,  179 
Catechutannic  acid,  179 
Caustic  soda,  58,  59 
Cell  dryer,  130 
Cellulose,  2 

action  of  oxidising  agents  on,  1 
nitrates,  3 
solvents  for,  2 
xanthatc,  4 
Centrifugal  machine,  81,  85 

pumps,  398 
Ccruleinc  paste,  324 
Chalk,  34 
Chamber  acid,  63 
Chardonnet  silk,  9 
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Chaaing  in  the  water  mangle,  127 
Cheeses,  bleaching  of,  78,  79 

dyeing  of,  362 
Chemic  and  sour  cisterns,  102 
Chemicals  and  mordants,  22 — 69 
Chemioking  and  souring  machine,  100 

open- width  washing,  souring  and,  machine,  113,  114 
Chestnut  extract,  171 
China  Blues,  193 
Chinagrass,  7 

behaviour  of,  towards  colouring  matters  7 
bleaching  of,  139 
microscopic  characteristics  of,  7 
Chinese  galls,  67 
Chlorate  of  potash,  51 
Chloride  of  Dme,  34 
toda,  69 
Chlorine,  action  of,  on  jute,  8 

liquid,  78 
Chloroanisidine,  282 

Scarlet  with,  282 
Chromate  of  lead,  167,  158 
Chrome  alum,  36 

black,  172,  173 
green,  159 
,  orange,  158,  159 
yellow,  167,  158 
Chromic  hydroxide,  38 
Chromium  acetate,  37 

basic,  37 
bisulphite,  37,  325,  326 
chloride,  37,  325,  326 

basic,  37 
chromate,  37,  325,  326 
fluoride,  38 
hydroxide,  38 
mordant,  37,  325,  326 

Alizarines  on,  without  oiling,  326,  327 
dyeing  Alizarine  dyestuflfs  on,  325 — 327 
Ciba  Bordeaux,  307 

dyestuffs,  306—308 

developing  with  bleaching  powder  solution,  307 
dissolving  of,  306 

Table  giving  additions  for  dyeing  with,  307 
Red  G,  306 
Scarlet  G,  306 
Cibanone  dyestuffs,  306—308 

dyeing  cotton  yam  with,  307,  308 
Orange  and  Yellows,  developing  with  bleaching  powder  solution,  308 
Citric  acid,  action  of,  on  cotton,  3 
Claret,  alpha-naphthylamine,  281 
Clearing  of  Turkey-red,  313,  315,  322 
Coal  tar  colours,  v.  Artificial  dyestu£fs. 
Cochineal,  180 

ammoniacal,  180 
Coooa  fibre,  9 

Gohnen's  cop  dyeing  machine,  356 
Collodion-wool,  3 
Colorimeter,  373 

Coloured  goods,  bleaching  of,  108 — 112 
Colouring  matters.,  natural,  163 — 181 
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Colours,  insoluble  Azo,  274 — ^283 
mineral,  157—162 

produced  on  the  fibre  by  condensation,  340 

oxidation,  829—340 
Combustion  and  fuel,  396 
Common  salt,  56 
Comparative  dye  tests,  373 — 378 
Conditioning  of  cops,  362 
Cop  boxes,  packing  of,  365 
drying,  362 
dyeing,  363—362 

machine,  Beaumont^s,  358 
Cohnen*s,  366 
Crippin  and  Young's,  367 
De  Keukelaere's,  366 
Graemiger's,  367 
Hamer's,  366 
Judenburg's,  366 
:  Middletoifs,  354—356 
.  Mommer's,  367 
:  Obermaier's,  364—366 
iPomitz's,  368—360 
:  Schirp's,  366 
[iWolflTs,  368 

; "  Zittau  "  (Schubert's),  368 
packing,  system  of,  354 — 367 
perforated  skewer  system  of,  367 — 362 
sand,  use  of,  in,  367 
Copper,  action  of  finely  divided,  on  cotton,  4 
sulphate,  39 
sulphide,  38 
Copperas,  42 

vat,  286—287 
Cops  and  cheeses,  dyeing  in  the  indigo  vat,  166 

with  basic  dyestuffs,  194 
bleaching  of,  78,  79 
conditioning  of,  362 
Correction  of  water,  19 
Corron's  hank  dyeing  machine,  346 
Cotton,  1 

action  of  acetic  acid  on,  4 
citric  acid  on,  3 
concentrated  nitric  acid  on,  3 

sulphuric  acid  on,  2 
finely  divided  brass  on,  4 

copper  on,  4 
formic  acid  on,  4 
lead  peroxide  on,  4 
oxalic  acid  on,  3 
oxidising  agents  on,  4 
tartaric  acid  on,  3 
weak  mineral  acids  on,  3 
bleaching,  70—132 
Blues,  272 
counts  of,  yam,  393 
Mercerising  of,  141 
microscopic  characteristics  of,  1 
Red  S,  209 
Scarlet,  271 
Hpirits,  39 
unripe  or  dead,  2 
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Cotton — continued. 
wax,  70 

yarn,  bleaching  of,  79 — 81 
drying  of,  349—353 
dyeing  of,  345—349 
Count  systems  of  yarns,  basis  of  the,  393 
Counts,  artificial  silk  yarn,  393 
cotton  yam,  393 
jute  yam,  893 
linen  yam,  393 

of  yams,  constants  for  comparing,  394 
Coupling  process,  cops  and  cheeses,  222 

loose  cotton,  222 
piecegoods,  223,  224 
warps,  223 
yam,  223 
with  Azoplior  Red,  221,  222 
Nitrazol,  221,  222 
Nitrosamine,  221,  222 
paranitraniline,  221 
Courtauld  silk,  4,  11 
Cow-dung,  39 
Crabbing,  366,  367 

machine,  treble,  366,  367 
Cresyl  dyestuffs,  189 
Crocei'ne,  272 

Beds,  272 
Scarlets,  272 
Croas-dye  Blacks,  259 
Blues,  260 
dyestuflb,  dyeing,  258 — 261 

piecegoods  with,  260 
warps  with,  269 
topping  of,  with  Aniline  black,  260,  261 
Cross-wound  spools,  dyeing  of,  362 
Cudbear,  180 
Cupric  chloride,  39 
sidphate,  39 
Curcuma  tinctoria,  177 
Curcumin,  177 
Cutch,  V.  Catechu. 


Deceolinb,  62 

De  Keukelaere's  cop  dyeing  machine,  366 
Detection  of  dyestuffs  on  the  fibre,  378—383 
Developer  B,  217 
Developers,  196 

Developing,  stock  solutions  for,  216 — 218 
with  paranitraniline,  276,  277 
soda,  217 
Dhooties,  bleaching  of,  109,  110 
Diamond  Green,  192 
Dianisidine,  40 

Blue,  282,  283 

developing  bath  for,  283 
preparing  solution  for,  282 
Diastafor,  treating  piecegoods  with,  86 
Diazotising  and  developing,  continuous  machine  for,  220 

cops  and  cheeses,  219 
cotton  ycirn,  219 
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Diazotising  and  developing — continued. 

loose  cotton,  218,  219 
piecegools,  220,  221 
warps,  219 
Diphenvl  Black,  109,  338,  339 

base,  338,  339 
oil  DO,  338,  339 
Dipping  frame,  167,  168 
vat,  167.  168 

dyeing  Indanthrene  dyestufis  in  the,  300 
Direct  cotton  coloura,  v.  Substantive  cotton  dyestuffs. 

dyeing  cotton  dyestuffs,  v.  Substantive  cotton  dyestuflf?^. 

dyestuffs,  coupling  of,  221 — ^224 
Grey,  194 
Dissolving-ether  MLB,  323 
Divi-divi,  67 

Double  fluoride  of  antimony,  32 
-jacketed  kiers,  95 

oxalate  of  antimony  and  potassium,  31 
salt  of  antimony  fluoride  and  ammonium  sulphate,  32 
tartrate  of  antimony  and  potaj.t.um,  31 
Drf'ze^s  dyeing  machine,  343 
Drills,  bleaching  of,  109,  1 10 
Drj'ing  cylinder  stand,  129,  130 

cylinders,  (Cray's  spring  packing  for,  129,  130 
machine,  horizontal,  129 

vertical,  127—129 
of  cops,  362 

cotton  piecegoods,  127 — 132 
cotton  yam,  349—353 
warps,  366 
Dung,  39 
Dye-bath,  experimental,  378 

beck,  369-371 
Dyed  black,  329—332 
Dyeing  apparatus,  foam,  363 
cop,  353—362 
experimental,  373 — 378 
foam,  363 

machinery,  341 — 372 
of  cheeses,  362 

cotton  piecegoixls,  367 — 372 
warps,  364—366 
yarn  in  the  hank,  345—349 
Dyestuffs,  deletion  of,  on  the  fibre,  378—383 
fast  to  bleaching,  109 
testing  of,  373—386 

the  fastness  of,  383—386 
Dye  tests,  comparative,  373 — 378 


Eau  dc  Javelle,  51 

Labaraque,  59,  60 
Eclipse  Blues,  258 

dyestuffs,  dissolving  of,  258 

dyeing  with  the,  257,  258 
Fast  colours,  258 
Dark  Blue,  ?58 
p:il)erfel(l  .silk,  10 
Electrolyser,  Mather  and  Piatt,  74,  75 
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Electrolyaer,  Octtel,   75 — 77 

Siemens,  73,  76 
Electrolytic  bleaching  liquor,  preparation  of,  73 — 77 
Emeraldine,  329 

Engineering  calculations,  395 — 396 
English  system  of  weights  and  measures,  400,  401 
Eosines,  271,  272 
Erythrine,  271 
Er>iihro8ine,  271 
Ethyl  beta-naphthylamine,  217 
Experimental  dye-bath,  378 

dyeing,  373—378 


Fast  Acid  Blue,  328 
Violets,  328 
Blue  Developer  AD,  217 
Blues,  189 
Scarlets,  271 
Fastness,  testing  the,  of  dyestuffs,  383 — 386 
Fermentetion  vat,  294 — 297 

dyeing  of  Kryogene  Black  in  the,  239 
methods  of  setting  the,  294—296 
Ferric  nitrate,  41 

sulphate,  41 
Ferrous  acetate,  40 — 42 
sulphate,  41,  42 
Fibres,  artificial,  9 — 12 

of  minor  importance,  9 
testing  of  dyestuflfs  and,  373 — 386 
Flavin,  177 
Flax,  5 

chemical  composition  of,  6 
grassing  of,  132 
Fluoride,  antimony,  32      • 
Foam  dyeing,  363 

apparatus,  363 
Formaldehyde,  42 

after-treatment  of  substantive  dyestuffs  with,  12b 
Formalin,  42 
Formic  acid,  42 

action  of,  on  cotton,  4 
Formylcellulose,  4 

Four-box  warp  dyeing  machine,  364,  365 
Frankfurt  silk.  9" 
Fuel,  combustion  and,  396 
Fuscamino,  340 
Fustet,  176,  177 
Fustians,  scouring  of,  105 
Fustic,  176 

old,  176 
young,  176,  177 


Gab  AX  wood,  178 

(}all  nuts,  67 

GallipoU  oil,  320 

Gallo-tannic  acid,  66 

Galls,  67 

Gambier,  178,  179 

Gas  singeing  machine,  88,  89 

B.D.  K  E 
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Glanzstoff,  10 

dyeing  of,  12 
Glauber's  salt,  61,  62 
Glucose,  42 

Glue,  addition  of,  to  indigo  vat,  166 
(Jraemiger's  cop  dyeing  machine,  357 
Grape  sugar,  42 
(trasning,  132 

Gray's  patent  spring  packing  for  drying  cylinders,  129,  130 
Green,  chrome,  159 

vitriol,  42 
Greening  of  Aniline  bUck,  329 
(ireen's  Aniline  black,  336 
Grether-Bcntz-Edmeston  kier,  96 
Grey  on  loose  cotton  with  logwood,  180 

yam  with  logwood,  180 
Gun-cotton,  3 


HiSMATEIX,  170 
Hapmatoxylin,  170 
Haematoxylon  can  pechianum,  170 
Half  bleach,  106 

Hamer's  cop  dyeing  machine,  356 
Handkerchiefs,  bleaching  of.  111,  112 
Hank  bleaching,  79—81 
drying,  349,  363 

machine,  Haubold's,  349.  350 
King's,  351—353 
Montforts'  continuous,  350,  351 
dyeing,  345—349 

machine,  Corron's,  346 

Klauder-Weldon,  346—348 
Spencer's,  346 
Thoen's  method  of,  346 
vat  for,  345,  346 
:  washing,  81—83 
Hardness  of  water,  13 — 19 

estimation  of  the,  16 — 18 
Haubold's  hank  drying  machine,  349,  350 
Heat,  British  thermal  unit  of,  396 
quantity  of,  396 
unit  of,  396 
Helindone  Brown,  309 

dyestuffs,  308,  309 

dissolving  of,  308 

Table  giving  quantities  for  reducing,  308 
Yellow,  309 
Hemp  7 

bleaching  of,  137 
microscopic  characteristics  of,  7 
High-pressure  circulating  kier,  94,  95 

steaming  cottage  for  Turkey-red,  317,  318 
-speed  starching  and  stentering  range,  130,  132 
Hoechster  hydrosulphite-soda  vat,  292 
Holland,  broA\Ti,  134 
Horizontal  drying  machine,  129 
Horse  power,  399 
Huile  tournante,  68 
Huillard's  kier,  101 
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Hydrocellulose,  3 
Hydrochloric  acid,  42 — i4 
Hydroextracting  of  yam,  83 — 85 
Hydroextractor,  84,  85 
Hydrogen  peroxide,  45 

bleaching  with,  116 

xr    ,         .      -„  developing  Immedial  dyestuffs  with,  247 

Hydrometer,  Beaum^'s,  388 

Twaddle's,  388 

Hydrometers,  388 — ^391 

Hydron  Blues,  309 

dyestuffs,  309 

Hydrosulphite,  45,  58 

ammonia  vat,  292,  293 

cone.  B.A.S.F.  powder,  68,  290 

O  Hoechst,  289 

preparation  of,  289,  304 

soda  vat,  290 

Hoechster,  292 

dyeing  cops  and  cheeses  in  the,  292 
loose  cotton  in  the,  292 

,.        ^^  yam  in  the,  292 

sodium,  58 

solution,  289 

vat,  289—293 
Hypochlorite  of  aluminium,  27 

calcium,  34 

potassium,  51 

sodium,  59,  60 
Hyposulphite  of  soda,  63 
H>Taldite,  62 

for  stripping,  62 


Iboiedial  Blacks,  251,  252 

dyeing  of,  on  warps,  232,  233 
Blue,  247 

developer,  developing  Immedial  dyestuffs  ^-ith,  247.  248 

Direct  Blue,  247 

dyestuflfs,  246—252 

after-treatment  of,  246,  247 

developing  of,  with  hydrogen  peroxide,  247 

Immedial  developer,  247,  248 

.  sodium  peroxide,  247 

dissolvmg  of,  246 

dyeing  cops  and  cheeses  with,  249 

loose  cotton  with,  248 

piecegoods  in  continuous   machines  with    249—2^9 
with,  in  the  jigger,  250  ' 

^    ,  yam  with,  248,  249 

Indogene,  247 
Indone,  247 

New  Blue,  247,  248,  250 
Indanthrene  Blue,  297,  299 

dyeing  piecegoods  \^ith,  299 
dyestuffs,  dyeing  with,  297—300 

in  the  dipping  vat,  300 
padding  \vith,  299—300 
Yellow,  299 

E  E  2 
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Indian  saffron,  177 
Indigo,  16^—170 

Alizarine,  301 

Aniline  black  bottom  for,  297 

artificial,  285—297 

special  brands  of,  295—297 
blue,  163,  164 
bottom  for,  296 
brown,  163 

cold,  vats,  164,  165,  286— 293 

dyeing  cops  and  cheeses  in  the,  vat,  166  (see  also  '■  Vat  dyestuffo     ) 
loose  cotton  in  the,  vat.  166 
of  mercerised  cotton  with,  296 

goods  prepared  with  glue  with,  166 
piecegoods  in  the,  vat,  167 — 170 
range  with  creeper  oxidising,  169,  170 

overhead  oxidismg,  169 
Thio  Indigo  Red  together  with,  306 
warps  in  the,  vat,  167 
gluten,  163 

loss  of,  in  different  vats,  165 
mineral  impurities  in,  163 
MLB  Vat  II.,  290,  294 
MLB/VV,  fermentation  vat  with,  295 
piece  dyeing  machines,  continuous,  168 — 170 
red,  163 

rubbing  of,  dyeings,  166 
solution,  B.A.S.F.,  20  per  cent.,  292 
steaming  of,  297 
Bvnthetic.  285—297 
tbpping  of,  238,  296,  297 

with  sulphur  dyestuffs,  238 
vat,  bisulphite-zinc  lime,  290 

soda,  290 
copperas,  166,  285—287 
fermentation,  294 — 297 
hydrosulphitc,  289—293 

ammonia,  292,  293 
soda,  290 
zinclime,  287,  288 
vat«,  164—170 

copperas.  Table  giving  different,  286 
fermentation.  Table  giving  different,  296 
hydrosulphitc,  Table  giving  different,  291 
zinc-lime.  Table  giving  different,  288 
warp  dyeing  machine,  167 
white,  KU 
yarn  dyeing,  ir>6 
Indigofera  tinctoria,  163 
Indigotine,  163 

Indo  Carbons,  248  ^   n.o 

dyeing  of,  in  the  hydrosulphite  vat,  248 

Indoinc  Blue,  193 
Indol  Blue,  189.  191 
Indone  Blue,  193 
Indophenol,  297 

■  Injector  kier,  90,  91  ix     of»j    o    - 

Insoluble  azo-colours,  after-treatment  of,  with  mctAlhc  salts  274,  2 « t» 

fastness  of,  274 

produced  on  the  fibre,  274 — 283 

Irisamin,  191 
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Iron-buff,  159,  160 

liquor,  41 

mordant,  dyeing  of  Alizarines  on,  327 

nitrate  of,  41 

pyrolignite  of,  41 
Isatis  tinctoria,  163 


Jackson's  open  bleach  kier,  98 — 100 

Janus  dyestuffs,  190 

Japanese  galls,  67 

Jefferson- Walker  patent  kier,  92,  93 

steam  consumption  in,  93,  94 
Jigger,  Lancashire,  367,  368 
padding,  23.'5,  236 
under  water,  235 
Walker's,  371,  372 

with  squeezing  rollers  for  dyeing  with  sulphur  dyestuffs,  233,  234 
Judenburg's  cop  dyeing  machine,  356 
Jute,  8,  9 

artificial,  12 
bleaching,  137—139 

Busch's  method,  138,  139 
Cross  and  Be  van's  method,  139 
ehlorination  of,  8 
dyeing  of,  9 

microscopic  characteristics  of,  8 
reactions  of,  8 


Katioen  Blacks,  243 

Chrome  Blue,  242 

Brown,  242 
dyestuffs,  dyeing,  in  machines,  244 

open  vessels,  243,  244 
piecegoods  with  silk  threads  with,  244,  245 
with  worsted  borders  with,  245 
with,  242—245 
oxidising  of,  243 
Indigo,  242,  243 
Intensifier,  243 
Navy  Blue,  243 
Kermes,  180 
Khaki,  160,  161 
Kier,  Barlow,  92 

Cebauer-Theis,  100 

Crether-Bentz-Edmestou,  96 

high  pressure  circulating,  94,  95 

HuiUard's,  101 

injector,  90,  91 

Jackson's  open  bleach,  98 — 100 

Jefferson- Walker  Patent,  92,  93 

steam  consumption  in,  93,  94 
Mather,  95,  96 

Mather,  method  of  working  with,  112,  113 

Mather's,  Sir  WiUiam,  100 

open  top  circulating,  89,  90 

Pendlebury,  91,  92 

Pendlebury- Barlow,  92 

Spenle  patent  continuous  open  width,  96,  97 

Tagliani-Rigamonti,  96 


422  INDEX 

Kier — continued. 

Thies-Herzig,  94,  95 
vertical,  with  injector,  90,  91 
Walsh,  94,  95 
Kiere,  89—101 

double- jacketed,  95 
open  Avidth,  9&— 101 
Klauder-VVeldon  hank  dyeing  machine,  346 — 348 

machine  for  loose  cotton  dyeing;  341,  342 
King's  drying  machine,  for  yam,  cops,  or  loose  cotton,  351—353 
Koechlin's  alkaline  chrome  mordant,  24,  25 
Kryogene  Black,  239 

dyeing,  in  the  fermentation  vat,  239 
Blues,  239 
BrowTi,  239 
dyestuffs,  dyeing  with  the,  238,  239 

Lac-dye,  180 
Lactate,  antimony,  31 
Lancashire  jigger,  367,  368 
LawTis,  bleaching  of,  101 — 103 
Lead  acetate,  45,  46 

basic,  45 

chromate  of,  157 

nitrate,  45 

peroxide,  action  of,  on  cotton,  4 
Lehner  silk,  9 
Lemon  Yellow,  158 
Leucole  Brown  B  paste,  301 

Dark  Green  B  paste,  300,  301 
Licella,  12 
Lima  wood,  178 
Lime,  35,  36 

boil,  93,  103,  107 

bowk,  103 
Linen,  5 

l>ehaviour  of,  towards  colouring  matters,  6 
bleaching  of,  132—137 

piecegoods,  135 — 137 
yarn,  134,  135 
microscopic  characteristics  of,  6 
rubbing  boards  for,  136 
special  processes  of  bleaching,  137 
yarn,  bleaching  of,  134,  135 
counts  of,  393 
reeling  of,  134 
Litharge,  45 
Logwood,  170—176 
aged,  171 
ageing  of,  171 

black,  methods  of  dyeing,  172 — 176 
blues  dyed  with,  171 
dyeing  of,  black  on  indigo,  173 

loose  cotton,  174 
piecegoods,  175,  176 
warps,  174,  175 
yam,  174 
extract,  171 

extracting  the  colouring  matter  from,  171 
grey  on  loose  cotton  with,  180 
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Logwood — continued, 

grey  on  yam  with,  180 
maturing  or  ageing  of,  171 
violets  dyed  with,  171 
Loose  cotton,  bleaching  of,  78 
dyeing,  341—345 

machine,  Drcze's,  343 

Haubold's,  345 
Jagenburg's,  341 
Klauder-Weldon,  341,  342 
Obermaier's,  343,  344 
Rhodes',  342,  343 
Schmidt's,  343 
Schmitt's,  345 
Ludigol,  45 
Luteolin,  177 

Machinery,  dyeing,  341 — 372 
Madder,  178 

bleach,  103,  104 
Magnesium  chloride,  tendering  produced  by,  85 
Manganese  bronze,  161,  162 

sulphate,  46 
Manganous  chloride,  46 
Manila  hemp,  9 
Market  bleach,  106—108 
Marseilles  soap,  52 
Materials,  weight  of,  397 
Mather  kier,  95,  96 

method  of  working  with,  112,  113 
Mather- Piatt  ager  for  steam  black,  337,  338 
cop  dyeing  machine,  360--362 
electrolyser,  74,  75 
stenter  clip,  131,  132 
Measures,  weights  and,  399 — i06 
Mercerisation,  photo- micrograph  of  bleached  sateen  before  and  after,  under  tension, 

147 
Mercerised  cotton,  finishing  of,  154 

photo-micrograph  of,  5 

reactions  for  the  characterisation  of,  154 — 156 
pieccgoods,  dyeing  wdth  substantive  dyestuffs,  215 
yarn,  dyeing,  with  substantive  dyestuffs,  212 
Mercerising,  141 — 154 

automatic  hank,  machine,  148,  149 

hank,  machines,  148 — 150 

of  cotton  piecegoods,  150 — 153 

yam  in  the  hank,  147 — 150 
warps,  150 
practice  of,  147 — 154 
range,  152,  153 
Metanil  Yellow,  271,  272 
Metanitraniline,  282 

orange  with,  282 
Meta-phenylenediamine,  217 
Meta-toluylenediaminc,  47,  216 
Meteor,  9 

Methyl  Blue  for  cotton,  193,  272 
.Cotton  Blue,  193 
Soluble  Blue,  193 
Methylene  Blue,  192,  193 
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Metric  system  of  weights  and  measures,  399,  400 
Middleton's  cop  dyeing  machine,  354—  350 
Milk  of  lime,  30 
Mineral  colours,  157 — 162 
Mode-shades,  dyeing  of,  with  Alizarines,  324 
Moleskins,  scouring  of,  105 
Momroer's  cop  dyeing  machine,  357 
Monopole-bnlliant-oil,  304 
oil,  53 

soap,  52,  79,  114 
Montforts'  continuous  hank  drying  machine,  350,  351 
Mordant,  alkaline  chrome,  24,  25 

Pink,  26 
dyestuffs,  (Alizarines),  310—328 

application  of  the,  311 — 328 
Yellow,  324 
Mordants  and  chemicals,  23 — 69 

for  dyeing  light  shades  with  Alizarines,  324 
tannin,  04 — 67 
Moric  acid,  176 
Morintannic  acid,  176 
Mulls,  bleaching  of,  109—110 
Muriatic  acid,  42 — 44 
Myrabolans,  67 


Nankin  j'ellow,  160 

Naphthol,  Alpha  and  Beta,  47,  216,  275,  279,  281 
Beta,  colours,  274 

R,  275 
Bhie,  282,  283 
Naphtholsulphonic  acid,  Beta,  217 
Naphthol  Yellow  S.  272 
Naphthylamine,  Alpha,  47,281,  282 

:base,  Alpha,  281 
;Beta,  283 
claret,  Alpha,  281,  282 

developing  with  alpha- naphthylamine,  281 

salt  S  powder,  282 
preparing  bath  for,  281 
ether  powder,  217 
Ethyl-beta,  217 
Naphtindon,  191 
Natural  colouring  matters,  163 — 181 

methods  of  dj'oing  greys,  b^o^vns,  etc.,  with,  180,  181 
New  Mctaminc  Blue,  189 
Pink,  318 

Turkey-red  process,  316 — 318 
New  Zealand  flax,  9 
Nigrosine,  189 
Nitrat-e  of  iron,  41 
Nitrazol  C,  277,  281 

coupling  with,  221,  222 
Nitric  acid,  47,  49 

action  of,  on  cotton,  3 
Nitrocellulose,   3 

p.ilk,  9 

dyeing  of,  9,  10 

microscopic  characteristics  of,  9 
Nitro-2>-toluidine,  283 
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Nitrosamine,  coupling  with,  221,  222 

Pink,  283 

Red  paste,  278,  280 
Nitroso  base  M,  340 

Blue,  340 
Nitrosodiraethylaniline,  p-,  340 
Nitrotoluidine,  47 
Nut  galls,  67 


Oak  galls,  67 

Obermaior's  cop  dyeing  machine,  354 — 356 
Octtol  electrolyser,  7&— 78 
Oil,  Monopole,  53 
of  vitriol,  63—65 

brown,  63 
double,  63 
olive,  49 

Turkev-red,  08,  69,  79,  114,  115,  311,  316,  319,  322,  326 
Turkono  N,  308 
Old  fustic,  176 
Olein,  68,  69 
OUve  oil,  49 

soap,  52 
One-bath  Alizarine  colours,  328 

black,  329—332 
Open  bleach  kier,  98—100 
soaper,  122—124 
top  circulating  kier,  89,  90 
width  kiers,  96—101 

washing,  souring,  and  chemicking  machine.  113,  114 
Orange  II,  IV,  G,  X,  271,  272 
chrome,  158,  159 
with  metanitraniline,  282 
Orchil.  180 

Organic  colouring  matters.  Artificial,  v.  Artificial  dyostuffs. 
Orlean,  180 
Oxalic  acid,  49 

action  of,  on  cotton,  3 
tendering  produced  by,  85 
Oxamine  developers,  216,  217 
Oxfords,  bleaching  of,  109,  110 
Oxidising  agents,  action  of,  on  cotton,  4 
Oxycellulose,  4 

reactions  for,  4 
Oxydiamino  blacks,  214 
Oxygen  powder,  60 
Oxvmuriate  of  tin,  63 
Ozone,  bleaching  with,  117 


Pa  ("KINO  of  cop  boxes,  355 

system  of  cop  dyeing,  354 — 357 
Padding  jigger,  235,  236  ' 

machine,  three-bowl,  370,  371 
Painting  with  acid  dyestuffs,  270 
Paper  Red,  272 
yam,  12 

dyeing  of,  12 
Para-aminophenol,  340 
Paraffin  wax,  stains  caused  by,  85,  86 
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Paramine,  339,  340 

Brown,  339,  340 
Paranitraniline,  49,  27G— 280 

C,  276 

coupling  with,  221 

red  on  piecegoods,  developing  with  Azophor  Red,  Nitrazol  C,  Nitro- 
samine  Red  paste.  Paranitraniline,  276,  278 — 280 
"  Bowl  "  for  impregnating  yam  for,  275 
developing  bath  for,  276,  277 
dyeing  of,  on  pieoegoods,  278 — 281 

on  yam,  275—278 
preparing  bath  for,  275,  279 

yam  with  beta-naphthol  for,  275 
Paraphenylenediamine,  339 
Para- red,  v.  Paranitraniline  red. 
Paste,  bleaching,  110 
Pauly  silk,  10 

microscopic  characteristics  of,  10 
Pendlebury  kier,  91,  92 
Pendlebury- Barlow  kier,  92 
Percarbonate  of  potash,  51 
Percentage  table,  401 

Perforated  skewer  system  of  cop  dyeing,  357 — 362 
Permanent  hardness  of  water,  14,  16,  17,  18,  20 
Permanganate  of  potash,  52 

bleaching  cotton  with,  115,  116 
Pemambuco  wood,  178 
Peroxide  of  hydrogen,  45 

bleaching  ^nth,  116 
Persian  berries,  177 
Phenol,  50,  196,  216 
Phenylenediamine,  50,  196,  217 
Philochromine,  324 
Phloxine,  271 

Fast  Pinks,  271 
Phosphate  of  soda,  60 
Piassava,  9 

Piecegoods,  bleaching  of  cotton,  85 — 1 13 
crabbing  of,  366,  367 
drying  of,  127—132 
dyeing  of,  in  the  indigo  vat,  167 — 170 

with  basic  dyestuffs,  195 
mercerising  of  cotton,  150 — 153 
scouring  of,  105,  106 
singeing  of,  86 — 89 
stamping  of,  86 
steeping  of,  86 
stitching  of,  86 
washing  of,  118—124 
Pile  fabrics,  scouring  of,  105,  106 
Pink,  272 

alkaline,  mordant,  26 
dyeing  of  medium,  with  Alizarine,  324 
new,  318 
salt,  63 
Pipes,  weight  of,  398 
Plan  of  Bleaching,  Dyeing,  Mercerising,  and  Finishing  Works,  372 

SmaU  Bleach  Works,  133 
Plant  for  the  production  of  aged  Aniline  black,  336,  337 
Plate  singeing,  86—88 

machine,  87 


INDEX  427 


Ponceau,  271,  272 

Pornitz's  cop  dyeing  machine,  358 — 360 
warp  dyeing  machine,  365,  366 
Potash  alum,  25 

Potassium  antimony  tartrate,  31,  32 
bichromate,  50,  51 
carbonate,  51 
chlorate,  51 
ferricyanide,  61 
ferrocyanide,  61 
hypochlorite,  51 
percarbonate,  51,  52 
permanganate,  52 

bleaching  with,  115,  116 
Preparing  and  batching  arrangement,  98 

salt,  61 
Primuline,  109 

after-treatment  with  bleaching  powder,  226 
Prud'hommo  black,  338 
Prussian  Blue,  161 
Prussiate,  51 

black,  337,  338 
Pumps,  398 

centrifugal,  398 
Pure  Blues,  193 
Purification  of  water,  chemical,  19 — 22 

mechanical,  19 
Purpurine,  178 
Purpurol,  304 
Pyrogene  Blacks,  253,  254 

Blues,  developing,  with' bleaching  powder  solution,  255,  256 
dyeing,  in  the  jigger,  256 

padding  machine,  254,  256,  267 
on  cops  and  cheeses,  256 
on  warps,  253,  254 
piecegoods  with,  254 
Olive,  257 
Yellow,  257 
Pyrol  dyestuffs,  dissolving  of  the,  262 

dyeing  with  the,  262 
Pyroligneous  acid,  23,  24 
Pyrolignite  of  iron,  40 — 42 
Pyronine,  189 
Pyroxylin,  3 


QUERCETIN,  177 
Quercitrin,  177    • 
Quercitron  bark,  177 
Quercus  nigra,  177 

tinctoria,  177 
Quicklime,  35 
Quinoline  Yellow,  271,  272 


Rain  water,  4 
Ramie,  v.  Chinagrass. 
Raw  cotton  dyeing,  341 — 345 
Red  liquor,  28,  29 

Prussiate,  51 

woods,  178 
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Reeling  of  linen  yam,  134 
llosoda  luteola,  177 
Resin  boil,  108 
soap,  108 
Resorcine,  52,  196.  216,  340 

Blue  MR,  340 

dyestuffs,  270—273 

treating,  with  Solidogon,  271 
Retting  of  flax,  5 
Rhamnus,  177 
Rhea,  7 

Rhodamine,  192,  271 
Rhus  cotinus,  176 
River  water,  4 
Rongalite,  62 
Rope  pulleys,  speed  of  belt  and,  398,  399 

washing  mac^hine,  119 — 122 
Rosazine,  192 
Rose  Bengal,  271 
Rosophenine,  209 
Rubbing  boards  for  linen,  136 
Rubia  tinctorium,  178 


Sapflower,  177,  178 

Saffraninc,  192 

SaflFron,  bastard,  177,  178 

Indian,  177 
Saint-Denis  Blat'k,  267 

Red,  209,  210 
Sal  ammoniac,  29 
Salt,  common,  r)(),  57 
Salts  of  lemon,  tendering  produced  by,  85 
Sandal  wood,  178 
Sapan  wood,  178 
Sateens,  bleaching  of,  101 — 103 
Saturated  steam,  397 
Saunders  wood,  178 
Scarlet  with  chloroanisidine,  282 
ScArlcts,  271,  272 
Schaeffer's  acid,  196,  217 
Schirp's  cop  dyeing  machine,  356 
Scouring  drills,  105 

of  cotton  cloth  for  blacks,  105 
fustians,  105 
moleskins,  105 
pile  fabrics,  105,  106 
velveteens,  105,  106 
velvets,  105,  106 
Scroop,  producing,  on  mercerised  cotton,  42,  67,  164 
Scutcher,  125,  126 

Shirtings,  market  bleach  for,  106—108 
Siemens  elcctrolyser,  73 
Silicatoof  soda,  60,  61 
Silk,  artificial,  9 
SilvaUu,  12 
Singeing,  86—89 

gas,  machine,  88,  89 
plate,  machine,  87 
Sirius,  10 
Sisal,  9 
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Sixteen-cylinder  warp  drying  machino,  366 
Slaked  limo,  34 
Sliver,  bleaching  of  cotton,  78 
Smothering  of  sulphur  dyestuffs,  235 
Soap,  52 

castor  oil,  for  Para-red,  53 
Marseille?,  52 
Monopole,  52 
olive  oil,  52 
resin,  108 
Soapcr,  open,  122—124 
Soda,  55,  56 

ash,  55,  56 
crystals,  55,  56 
Sodium  acetate,  53 
arsenate,  54 
bichromate,  54 
bisulphite,  54,  55 
borate,  55 
carbonate,  55 
chlorate,  56 
chloride,  56,  57 
ferricyanide,  57 
ferrocvanide,  58 
,  hydrate,  58 

hydrosulphite,  58 
hydroxide,  58,  59 
hypochlorite,  59,  60 

bleaching  with,  113,  114 

electrolytic  plant  for  the  preparation  of,  73 — 77 
preparation  of,  69,  72 — 77 
Tailfer's  apparatus  for  the  preparation  of,  72 
nitrite,  60 
perborate,  60 

bleaching  with,  117 
peroxide,  (K) 

bleaching  A\ith,  117 

developing  Immedial  dyestuffs  with,  247 
phosphate,  60 
silicate,  60,  61 
stannate,  61 
sulphate,  61,  62 
sulphide,  62 

sulphoxylate-formaldehydc,  62 
tetrasiUcate,  60 
thiosulphato,  63 
tungstate,  63 
Solid  Green,  324,  328 
Solidogcn,  after-treatment  of  substantive  dyestuffs  with,  225 

treating  resorcine  dyestuffs  with,  271 
Soluble  Blues,  189,  193,  272 
glass,  60 

oil,  v.  Turkey-red  oil. 
Souring,  open- width,  washing,  and  chemicking  machine,  113;  114 
Special  Grey,  194 

Si^ccific  gravity.  Conversion  of,  into  degrees  Twaddle,  388 
Spencer's  hank  dyeing  machine,  346 
Spenl6  patent  continuous  open- width  kier,  96,  97 
Spiritsof  salt,  42-44 
Spring  water  4 
Square  beater  washing  machine,  121,  122 
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Squeezer,  124-  126 

Squeezing  of  yam,  83 — 86 

Stamping,  pieeegoods,  86 

Stannate  of  soda,  61 

Stannic  chloride,  63 

Stannous  chloride,  63,  64 

Starching  and  stentering  range,  high-speed,  130 — 132 

Steam,  397 

black,  337,  338 

Mather-Platt  ager  for,  337,  338 
saturated,  397 
Steaming  sulphur  dyestuffs,  235,  237 
Steiner's  Turkey-red  process  on  piecegoods,  321,  322 
Stenter,  130—132 

clip,  Mather-Platt,  131,  132 
Stitching  piecegoods,  86 
Stretching  and  shaking  machine,  yam,  83,  84 
Substantive  colours,  v.  Substantive  cotton  dyestuffs. 
cotton  dyestuffs,  196 — 227 

after-treatment  of,  with  formaldehyde,  225 

metallic  salts,  etc.,  224 — 227 
Solidogen,  225 
coupling  of,  221—224 
diazotising  and  developing  of,  215 — 221 
dyeing  in  continuous  open-width  dyeing  machines 

loose  cotton  with,  210,  211 
mercerised  piecegoods  with,  215 

yam  with,  212 
piecegoods  with,  213 — 215 
sUver  with,  211 
warps  with,  212,  213 
with  the,  207—215 
yarn  with,  211,  212 
methods  of  dyeing  and  after-treatment,  196,  197 
topping  with  basic  dyestuffs,  227 
Sugar  of  lead,  45 
Sulphated  oil,  v.  Turkey-red  oil. 
Sulphide  dyestuffs,  v.  Sulphur  dyestuffs. 

of  copper,  38 
Sulphur  Blacks,  240 
Blues,  241 
Browns,  241 
Catechu,  241 

colours,  V.  Sulphur  dyestuffs. 
Corinth,  241 
dyestuffs,  228—269 

after-treatment  of,  238 
application  of  the,  230 — 269 
arrangement  for  steaming  of,  237 
continuous  dyeing  machine  for,  261 
developing  of,  by  steaming,  235,  237 
dyeing,  in  the  padding  machine,  252 
dye  stick  and  dye  vat  for  dyeing,  232 
jiggers  for  dyeing  with,  233 — 235 
on  cops  and  cheeses,  233 
hanks,  231,  232 
loose  cotton,  231 
piecegoods,  233 — 235 
warps,  232,  233 
smothering  of,  235 
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Sulphur  dyestuffs — corUinued, 

steaming  of »  235,  237 
topping  of,  with  Indigo,  238 

basic  dyestu£fs,  237,  238 
warp  dyeing  machine  for,  232,  233 
Indigo  Blue,  241 
Sulphuric  acid,  63 — 65 

action  of,  on  cotton,  2 
Sulphurol  dyestuffs,  dyeing  with  the,  257 

Indigo,  257 
Sumach,  66 

extract,  67 
Sunn  hemp,  9 
Superheated  steam,  397 


Taoliani-Rigamonti  kier,  96 
Tannic  acid,  66 
Tannin,  66 

mordants,  64,  66,  67,  187,  188 
Tannins,  64,  66,  67 
Tartar  emetic,  31,  32 
Tartaric  acid,  67 

action  of,  on  cotton,  3 
Teeth  in  wheels,  number  of,  398 
Temporary  hardness  of  water,  13,  16,  18 
Terra  Japonica,  178,  179 
Testing  of  dyestuffs  and  fibres,  373—386 

the  fastness  of  dyestuffs,  383—385 
Tetrasilicate  of  sodium,  60,  61 
Thermometric  scales,  comparison  of,  391,  392 
Thiele  silk,  11 

dyeing  of,  12 

microscopic  characteristics  of,  11 
Thies-Herzig  kier,  94,  95 
Thio  Indigo  dvestuffs,  304—306 

Red  B  paste,  304,  305 

dyeing  of,  together  with  Indigo,  305 
Scarlets,  305,  306 
Thiocat^chine,  267 
Thiogene  Blacks,  265,  266 
Blues,  266 

dyestuffs,  dyeing  with,  265—266 
Thion  dyestuffs,  dyeing  with,  262 
Thional  Blues,  268 

dyestuffs,  268 
Green,  268 
Thionol  Blacks,  263,  264 
Blues,  263 
dyestuffs,  dissolving  of  the,  263 

dyeing  piecegoods  in  the  jigger  with  the,  264 

with  worsted  selvedges  mth,  264,  265 
union  goods  with,  265 
with  the,  263—265 
yam  with  the,  263 
Thiophenol  Blacks,  dyeing  yam  with,  255 
Thiophor  Black  BrowTi,  261 
BUcks,  261 

dyestuffs,  dyeing  in  the  jigger  with,  261 

with  the,  261 
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Thiophor  Navy  Blues,  261 
Thioxine  dyestuffs,  dyeing  with,  266,  267 
Thoen's  method  of  dyeing  hanks,  346 
Three- bowl  padding  machine,  371 
Tin  crystals,  63,  64 
salt,  63,  64 
spirits,  39 
Titanium  tanno^oxalate,  68 
Titanous  chloride,  68,  379 

salts,  68 
ToUdine,  68,  283 
Toluidine,  Nitro-p-,  283 
Toluylenediamine,  Meta,  216 
Topping,  Aniline  black  with  Indigo,  297 

substantive  dyestufifs  with  Aniline  black,  260,  261 

basic  dyestufTs,  227 
sulphur  dyestuffs  with  basic  dyestuffs,  237,  238 

Indigo,  238 
Tournante  oil,  68 
Towels,  bleaching  of.  111,  112 
Tramping  machine,  313,  314 

Traversing  motion,  automatic,  on  plate  singeing  machine,  87,  88 
Treble  crabbing  machine,  366,  367 
Turkey-red,  311—323 

Bayer's  process,  on  piecegoods,  323 

yam,  322 
bleach,  104,  105 
clearing  of,  315,  322 

high-pressure  steaming  cottage  for,  317,  318 
new  process,  316 — 318 
oU,  68,  311,  316,  319,  322,  326 
preparation  of,  68,  69 
use  of,  in  bleaching,  79,  114,  115 
old  process,  312—316 
simplified  processes,  319 — 321 

on  yarn,  319,  321 
stccMning  of,  317 
Steiner's,  process,  321,  322 
Turkono  oil  N,  308 
Turmeric,  177 

yellow  on  yam  with,  181 
Tuscaline  Orange  base,  283 
Twaddle's  hydrometer.  388 
TwilLs,  bleachmg  of,  101—103 


Uncaria  gam  bier,  179 
Under  water  jigger,  235 
Ungreenable  Aniline  black,  329 
Unit  of  heat,  396 
work,  399 
Unripe  (dead)  cotton,  2 


Vacancixe  colours,  274 — 283 
Valonia,  67 
Vanadium  black,  335 
Vat  dyestuffs,  284    309 

application  of  the,  285 — 309 
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Vegetable  fibres,  1 — 12 
Velveteens,  scouring  of,  105,  106 
Velvets,  scouring  of,  105,  106 
Vertical  drying  machine,  127 — 129 
kier,  with  injector,  90,  91 
Victoria  Blues,  193 
Vidal  Black,  267 
\'isco8e,  4 

silk,  4,  11 

dyeing  of,  12 

microscopic  characteristics  of,  12 

Walker's  jigger,  371,  372 
Walsh  kier,  94,  95 
Warp  drying,  366 

machine,  sixteen-cylinder,  366 
dyeing  machine,  for  sulphur  dyestuflFs,  232,  233 

four-box,  364,  365 
Indigo,  167 
Pomitz's,  365,  366 
Warps,  bleaching,  79 

dyeing,  in  the  indigo  vat,  167 
of,  364—366 

with  basic  dyestuifs,  194 
mercerising  of  cotton,  150 
Wash  mills,  135 

stocks,  81,  120,  135 
wheel,  118 
W^ashing,  cotton  yam,  81 

machine,  Haubold's  yam,  81,  82 
rope,  119,  121 
square  beater,  121,  122 
with  wooden  fallers,  118,  119 
machines,  yam,  81,  82,  83 
of  cotton  piecegoods,  118 — 124 

open- width,  souring,  and  chemickinc  machine.  113,  114 
W^ater,  13 

analysis  of,  14 
Blues,  193 

chemical  purification  of,  19,  22 
compckrison  of  degrees  of  hardness  of,  18,  19 
correction  and  purification  of,  19 — 22 
estimation  of  the  hardness  of,  16,  18 
hardness  of,  13,  14 
mangle,  126,  127 

chasing  in  the,  127 
mechanical  purification  of,  19 
rain,  4 
river,  4 

softeners  and  purifiers,  20 — 22 
spring,  4 
weU,  4 
W^eight  of  materials,  397 

pipes,  398 
Weights  and  measures,  399 — 406 

English  system  of,  400,  401 
Metric  system  of,  399,  400 
Weld,  177 
White  sour,  104 
W^illesden  goods,  2 

B.D.  p  p 
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Wilson's  bleaching  liquor,  27 

Woad,  163 

Wolff's  cop  (Iveing  machine,  358 

Woods,  red,  {78 

Wool  dyestuffs,  dyeing  of,  together  ^vith  Alizarines,  328 

Wringing  of  yarn,  83—85 


Xylolin,  12 


Yarn,  bleaching  of,  79 — 81 
counts  of,  393,  394 
drying  of,  349—353 
dyeing  in  the  indigo  vat,  166 

of,  345—349 
hydroextracting  of,  83 — 85 
mercerising  of  cotton,  in  the  hank,  147 — 150 
squeezing  of,  83 — 85 
stretching  and  shaking  machine,  83,  84 
washing  machines,  81,  82,  83 

of.  81 
wringing  of,  83 — 85 
Yarns,  basis  of  the  count  systems  of,  393 

constants  for  comparing  counts  of,  39^ 
Yellow,  chrome,  157,  158 
Nankin,  160 

on  yarn  with  turmeric,  181 
Prussiate,  51 
wood,  176 
Young  fustic,  176,  177 


Zinc  acetate,  69 

dust,  69 

lime  vat,  287,  288 

powder,  69 
"  Zittau  "  (Schubert's)  cop  dyeing  machine,  358 


BRADBURY,   AONEW,   &   CO.  L.O.,    PKINTRRH,    LONDON  AMD  TONBRXDOr. 


D.  VAN   NOSTRAND   COMPANY 

25    PARK   PLACE 
New  York 

SHORT-TITLE  CATALOG 

OP 
OF 

SaENTIFIC  AND  ENGINEERING 
BOOKS 


This  list  includes  the  t«cluiicsi  puUications  of  tha  following 
English  publisben: 

SCOTT,   GRBBNWOOD  ft  CO.        CROSBY  LUCKWOOD  ft  SON 

CONSTTABLB  ft  COMPANY,  Ltd.    TECHNICAL  PUBUSHINC  CO. 

ELECTRICIAN  PRINTING  ft  PUBLISHING  CO. 

for  whom  D.  Van  Nostrand  Company  are  American  agents. 


August,  1912 

Short-Title  Catalog 


OF  THE 


Publications  and   Importations 

OF 

D.  VAN  NOSTRAND  COMPANY 

25  PARK  PLACE,  N.  Y. 

Prices  marked  with  an  asterisk  (*)  are  NET. 
All  bindings  are  in  cloth  unless  otherwise  noted* 


ABC  Code.     (See  Clausen-Thue.) 
Ai  Code.     (See  Claasen-Thue.) 

Abbott,  A.  V.    The  Electrical  Transmission  of  Energy. 8vo,  *%s  oo 

A  Treatise  on  Fuel.     (Science  Series  No.  9.) i6mo,  o  50 

Testing  Machines.     (Science  Series  No.  74.) x6mo,  b  50 

Adam,  P.    Practical  Bookbinding.    Trans,  by  T.  B.  Maw lamo,  "^2  50 

Adams,  H.    Theory  and  Practice  in  Designing 8to,  *2  50 

Adams,  H.  0.    Sewage  of  Sea  Coast  Towns 8vo  ^2  00 

Adams,  J.  W.    Sewers  and  Drains  for  Populous  Districts 8vo,  3  50 

Addyman,  F.  T.    Practical  X-Ray  Work 8vo,  ^4  00 

Adler,  A.  A.    Principles  of  Projecting-line  Drawing 8vo,  ^i  00 

Theory  of  Engineering  Drawing 8vo,  {In  Press.) 

Aikman,  C.  M.    Manures  and  the  Principles  of  Manuring 8to,  2  50 

Aitken,  W.    Manual  of  the  Telephone 8vo,  *8  00 

d'Albe,  E.  E.  F.,  Contemporary  Chemistry lamo,  *i  25 

Alexander,  J.  H.    Elementary  Electrical  Engineering x2mo,  2  00 

Universal  Dictionary  of  Weights  and  Measures 8vo,  3  50 

*<  Alfrec.''    T^^eless  Telegraph  Designs 

Allan,  W.    Strength  of  Beams  Under  Transverse  Loads.     (Science  Series 

No.  19.) i6mo,  o  50 

Theory  of  Arches.     (Science  Series  No.  11.) i6mo, 

Allen,  H.    Modern  Power  Gas  Producer  Practice  and  Applications.. lamo,  *2  50 

Gas  and  Oil  Engines 8vo,  *4  50 

Anderson,  F.  A.    Boiler  Feed  Water 8vo,  *2  50 

Anderson,  Capt.  6.  L.     Handbook  for  the  Use  of  Electricians 8vo,  3  00 

Anderson,  J.  W.     Prospector's  Handbook x2mo,  i  50 

And^s,  L.    Vegetable  Fats  and  Oils 8vo,  *4  00 

Animal  Fats  and  Oils.    Trans,  by  C.  Salter 8vo,  *4  00 

Drying  Oils,  Boiled  Oil,  and  Solid  and  Liquid  Driers 8vo,  *5  00 

Iron  Corrosion,  Anti-fouling  and  Anti-corrosive  Paints.    Trans,  by 

C.  Salter 8vo,  ^4  00 


D.  VAN  N08TRAND  COMPANY'S  SHORT  TITLE  CATALOG 


Andtey  L.    Oil  Colon,  and  Printers'  Ink.    Tnuu.  by  A.  Morris  and 

H.  Robson 8vo,  *a  50 

——  Treatment  of  Paper  for  Special  Purposes.    Trans,  by  C.  Salter. 

lamo,  *a  50 

Andrews,  £.  S.    Reinforced  Concrete  Constntction xamo,  *z  35 

Annual  Reports  on  the  Progress  of  Chemistry. 

VoL     I.  (1904) 8vo,  *a  00 

VoL   II.  (1005) 8vo,  *2  00 

VoL  in.  (1906) 8vo,  *2  00 

VoL  IV.  (1907) 8vo,  *2  00 

VoL    V.  (1908) 8vo,  ♦a  00 

VoL  VI.  (1909) 8vo,  ♦a  00 

VoL  Vn.  (1910) 8vo,  *3  00 

Argandi  M.    Imaginary  Quantities.    Translated  from  the  French  by 

A.  S.  Hardy.    (Science  Series  No.  52.) x6mo,  o  50 

Armstrong,  R.,  and  Idell,  F.  E.    Chimneys  for  Furnaces  and  Steam  Boilers. 

(Science  Series  No.  x.) z6mo,  o  50 

Arnold,  £.    Armature  Windings  of  Direct-Current  Dynamos.     Trans,  by 

F.  B.  DeGress 8vo,  *a  00 

Ashe,  S.  W.y  and  Keiley,  J.  D.    Electric  Railways.  Theoretically  and 

Practically  Treated.    VoL  I.  Rolling  Stock lamo,  *3  50 

Ashe,  S.  W.    Electric  Railwa]rs.    VoL  H.  Engineering  Preliminaries  and 

Direct  Current  Sub-Stations xamo,  *a  50 

Electricity:  Experimentally  and  Practically  Applied xamo,  *a  00 

Atkinson,  A.  A.    Electrical  and  Magnetic  Calculations 8vo,  ^x  50 

Atkinson,  J.  J.    Friction  of  Air  in  Mines.     (Science  Series  No.  X4.) . .  x6mo,  o  50 
Atkinson,  J.  J.,  and  Williams,  Jr.,  £.  H.    Gases  Met  with  in  Coal  Mines. 

(Science  Series  No.  X3.) x6mo,  o  50 

Atkinson,  P.    The  Elements  of  Electric  Lighting xamo,  x  50 

The  Elements  of  Dynamic  Electricity  and  Magnetism xamo,  a  00 

Power  Transmitted  by  Electricity xamo,  a  00 

Auchincloss,  W.  S.    Link  and  Valve  Motions  Simplified 8to,  *x  50 

Ayrton,  H.    The  Electric  Arc 8vo,  *5  00 

Bacon,  F.  W.    Treatise  on  the  Richards  Steam-Engine  Indicator  . .  xamo,  x  00 

Bailee,  G.  M.    Modem  Mining  Practice.    Five  Volumes 8vo,  each,  3  50 

Bailey,  R.  D.    The  Brewers'  Analyst 8vo,  ^5  00 

Baker,  A.  L.    Quaternions 8vo,  *x  25 

Thick^Lens  Optics {In  Press,t 

Baker,  Benj.    Pressure  of  Earthwork.    (Science  Series  No.  56.)...x6mo) 

Baker,  I.  0.    Levelling.     (Science  Series  No.  91.) x6mo,  o  50 

Baker,  M.  N.    Potable  Water.     (Science  Series  No.  6x.) x6mo,  o  50 

Sewerage  and  Sewage  Purification.    (Science  Series  No.  x8.)..x6mo,  o  50 

Baker,  T.  T.    Telegraphic  Transmission  of  Photographs X2mo,  *x  25 

Bale,  G.  R.    Modem  Iron  Foundry  Practice.    Two  Volumes.     x2mo. 

VoL  L  Foundry  Equipment,  Materials  Used *2  50 

VoL  n.  Machine  Moulding  and  Moulding  Machines *x  50 

Bale,  M.  P.    Pumps  and  Pumping i2mo,  x  50 

BaU,  J.  W.    Concrete  Stmctures  in  Railways.    (In  Preaa.) 8vo, 

Ball,  R.  S.    Popular  Guide  to  the  Heavens 8vo,  *4  50 

Natural  Sources  of  Power.     (Westminster  Series.) 8vo,  *2  00 


♦l 

00 

0 

50 

♦l 

as 

3 

00 

•3 

00 

0 

50 

6 

00 

zo 

00 

z 

50 

•l 

00 

3 

50 

♦r 

SO 

♦i 

25 

•i 

50 

♦i 

75 

0 

SO 

6       D.  VAN  NOSTRAND  COMPANY'S  SHORT  TITLE  CATALOG 

Blown,  WsL  K.    Workshop  Wrinkles 8vo, 

Browne,  R.  E.    Water  Meten.    (Science  Series  No.  81.) z6mo, 

Bruce,  E.  M.    Pure  Food  Tests lamo, 

Bnihns,  Dr.    Hew  Manual  of  Logarithms 8vo,  half  morocco, 

Brunner,  R.     Manufacture  of  Lubricants,  $hoe  Polishes  and  Leather 

Dressings.    Trans,  by  C.  Salter Syo, 

Buel,  R.  H.    Safety  Valyes.    (Science  Series  No.  31.) z6mo, 

Bulman,  H.  F.,  and  Redmayne,  R.  S.  A.    Colliery  Working  and  Manage- 
ment  8vo, 

Burgh,  N.  P.    Modern  Marine  Engineering 4to,  half  morocco, 

Burstall,  F.^W.    Energy  Diagram  for  Gas.    With  Text 870, 

Diagram.    Sold  separately 

Burt,  W.  A.    Key  to  the  Solar  Compass. i6mo,  leather, 

Burton,  F.  6.    Engineering  Estimates  and  Cost  Accounts X3mo, 

Buskett,  £.  W.    Fire  Assaying i3mo, 

9yerB,  H.  G.,  and  Knight,  H.  G.    Notes  on  Qualitative  Analysis 8to, 

Cain,  W.    Brief  Course  in  the  Calculus i3mo, 

Elastic  Arches.    (Science  Series  No.  48.) x6mo, 

Marimum  Stresses.     (Science  Series  No.  38.) x6mo,      o  50 

Practical  Designing  Retaining  of  Walls.    (Science  Series  No.  3.) 

z6mo,      o  50 

Theory    of    Steel-concrete    Arches   and    of   Vaulted    Structures. 

(Science  Series  No.  43.) i6mo, 

Theory  of  Voussoir  Arches.    (Science  Series  No.  is.) i6mo, 

Symbolic  Algebra.    (Science  Series  No.  73.) i6mo, 

Campin,  F.    The  Construction  of  Iron  Roofs 8to, 

Carpenter,  F.  D.  Geographical  Suryeying.  (Science  Series  No.  37.) .  i6mo. 
Carpenter,  R.  C,  and  Diederichs,  H.  Internal  Combustion  Engines. 8vo, 
Carter,  £.  T.    Motive  Power  and  Gearing  for  Electrical  Machinery  .  .8vo, 

Carter,  H.  A.    Ramie  (Rhea),  China  Grass ismo. 

Carter,  H.  R.    Modern  Flax,  Hemp,  and  Jute  Spinning 870, 

Cathcart,  W.  L.    Machine  Design.    Part  I.  Fastenings 8vo, 

Cathcart,  W.  L.,  and  Chaffee,  J.  I.    Elements  of  Graphic  Statics 8vo, 

Short  Course  in  Graphics xamo, 

Caven,  R.  M.,  and  Lander,  G.  D.    Systematic  Inorganic  Chemistry .  i2mo, 

Chalkley,  A.  P.    Diesel  Engines 8vo, 

Chambers'  Mathematical  Tables 8vo, 

Chamock,  G.  F.    Workshop  Practice.     (Westminster  Series.). . .  .8vo  {In  Press.) 

Charpentier,  P.    Timber 8vo,     *6  00 

Chatley,  H.    Principles  and  Designs  of  Aeroplanes.   (Science  Series.) 

No.  126.) i6mo,      0  50 

How  to  Use  Water  Power i2mo,    *!  00 

Child,  C.  D.    Electric  Arc 8vo,   ♦(/n  Prets.) 

Child,  C.  T.    The  How  and  Why  of  Electricity r3mo,       i  00 

Christie,  W.  W.     Boiler- waters,  Scale,  Corrosion,  Foaming 8vo,    *3  00 

Chimney  Design  and  Theory 8vo,    *3  00 

Furnace  Draft.     (Science  Series  No.  123.) x6mo,      o  50 

Water:  Its  Purification  for  Use  in  the  Industries 8vo,  (In  Press,) 

Church's  Laboratory  Guide.     Rewritten  by  Edward  Kinch 8vo,    *2  50 

Clapperton,  G.    Practical  Papermaking 870,      2  50 


0 

50 

0 

50 

0 

50 

3 

00 

♦5 

00 

♦5 

00 

•2 

00 

♦3 

00 

*3 

00 

♦3 

00 

I 

50 

*2 

00 

♦3 

00 

X 

75 

.> 
)• 


J- 

1 


«1 

1.   ' 


♦l 

50 

5 

00 

I 

so 

a 

00 

5 

00 

I 

00 

*S 

00 

♦7 

00 

♦7  SO 

*i 

50 

D.  VAN  N08TRAND  COMPANY^  SHORT  TITLE  CATALOG       7 

Clark,  A.  G.    Motor  Car  Bngineeriiig. 

VoL  L    Constntctkm *3  oo 

VoL  n.    Deaign (7n  PreM.) 

Clark,  C.  H.    Marina  Gas  Engines x2mo, 

Clark,  D.  K.    Rules,  Tables  and  Data  for  Mechanical  Engineers 8to, 

Fuel:  Its  Combustion  and  Economy i2mo, 

The  Mechanical  Engineer's  Pocketbook. i6mo, 

Tramways:  Their  Construction  and  Working 8to, 

Clark,  J.  M.    New  System  of  Laying  Out  Railway  Turnouts lamo, 

Clansen-Thue,  W.    ABC  Telegraphic  Code.    Fourth  Edition lamo. 

Fifth  Edition 8vo, 

The  A  I  Telegraphic  Code 8to, 

Cleemann,  T.  M.    The  Railroad  Engineer's  Practice lamo, 

Clerk,  D.,  and  Idell,  F.  E.    Theory  of  the  Gas  Engine.    (Science  Series 

Ho.  62.) i6mo,      o  50 

Clevenger,  S.  R.    Treatise  on  the  Method  of  GoTcmment  Surveying. 

i6mo,  morocco 2  "^50 

Clonth,  F.    Rubber,  Gutta-Percha,  and  Balata 8vo,    *5^oo 

Cochran,  J.    Treatiao  on  Cement  Specifications Svo,  (7n  Frtiz^ . .  i] 

Coffin,  J.  U.  C.    Navigation  and  Nautical  Astronomy i2mo,  *3  50 

Colbum,  Z.,  and  Thurston,  R.  H.    Steam  Boiler  Explosions.    (Science 

Series  No.  2.) i6mo,  o  50 

Cole,  R.  S.    Treatise  on  Photogra^c  Optica lamo,  z  50 

Coles-Finch,  W.    Water,  Its  Origin  and  Use 8to,  *5  00 

Collins,  J.  E.    Useful  Alloys  and  Memoranda  for  Goldsmiths,  Jewelers. 

i6mo o  so 

Constantine,  E.    Marine  Engineers,  Their  Qualifications  and  Duties.   Syo,  *2  00 

Coombs,  H.  A.    Gear  Teeth.    (Science  Series  No.  120.) i6mo,  o  So 

Cooper,  W.  R.    Primary  Batteries 8vo,  *4  00 

"  The  Electrician  "  Primers. . .  • 8vo,  *s  00 

'•                        Part  I *i  so 

Part  n ^2  so 

Part  m ^2  00 

Copperthwaite,  W.  C.    Tunnel  Shields 4to,  *9  00 

Corey,  H.  T.    Water  Supply  Engineering 8to  (/n  Frew^ 

Corfield,  W.  H.    Dwelling  Houses.    (Science  Series  No.  so.) i6mo,  o  so 

Water  and  Water-Supply.     (Science  Series  No.  17.) i6mo,  o  50 

\;              Cornwall,  H.  B.    Manual  of  Blow-pipe  Analysis Svo,  *2  50 

Courtney,  C.  F.    Masonry  Dams Syo,  3  50 

Cowell,  W.  B.    Pure  Air,  Ozone,  and  Water x2mo,  *2  00 

*'              Craig,  T.    Motion  of  a  Solid  in  a  FueL     (Science  Series  No.  49.) i6mo,  o  So 

Wave  and  Vortex  Motion.    (Science  Series  No.  43.) i6mo,  o  so 

Cramp,  W.    Continuous  Current  Machine  Design Syo,  *2  50 

Crocker,  F.  B.    Electric  Lighting.    Two  Volumes.    8yo. 

Vol.   I.    The  Generating  Plant 3  00 

VoL  n.    Distributing  Systems  and  Lamps 3  00 

Crocker,  F.  B.,  and  Arendt,  M.    Electric  Motors 8vo,  *2  50 

Crocker,  F.  B.,  and  Wheeler,  S.  S.    The  Management  of  Electrical  Ma- 
chinery  i2mo,  *x  00 

Cross,  C.  F.,  Bevan,  E.  J.,  and  Sindall,  R.  W.    Wood  Pulp  and  Its  Applica- 
tions.   (Westminster  Series.) 8yo,  *a  00 
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Crosskey,  L.  R.    Elementary  PerspectiTe 8vo»  i  oo 

Crosskey,  L.  R.,  and  Thaw,  J.  Advanced  Perspective 8tO|  i  50 

Galley,  J.  L.     Theory  of  Arches.    (Science  Series  Ho.  87.) i6mo,  o  50 

Davenport,  C.    The  Book.    (Westminster  Series.) 8vo,  *2  00 

Davies,  D.  C.    Metalliferous  Minerals  and  Minin^r gvo,  s  00 

Earthy  Minerals  and  Mining 8to,  5  00 

Davies,  E.  H.    Machinery  for  Metalliferous  Mfaies 8vo,  8  00 

Davies,  F.  H.    Electric  Power  and  Traction 8vo,  *2  00 

Dawson,  P.    Electric  Traction  on  Railways 8vo,  *9  00 

Day,  C.    The  Indicator  and  Its  Diagrams lamo,  *3  00 

Deerr,  H.    Sugar  and  the  Sugar  Cane 8vo,  *8  00 

Deite,  C.    Manual  of  Soapmaking.    Trans,  hy  S.  T.  Kfaig 4to,  *5  00 

De  la  Couz,  H.     The  Industrial  Uses  of  Water.    Trans,  by  A.  Morris. 

8vo,  ^4  so 

Del  Mar,  W.  A.    Electric  Power  Conductors 8vo,  *2  00 

Denny,  6.  A.    Deep-level  Mines  of  the  Rand 4to,  *io  00 

Diamond  Drilling  for  Gold ♦$  00 

De  Roos,  J.  D.  C.    Linkages.    (Science  Series  Ho.  47.) i6mo,  o  50 

Derr,  W.  L.    Block  Signal  Operation Oblong  x2mo,  *i  50 

Maintenance-of-Way  Engineering (In  Preparation.) 

Desaint,  A.    Three  Hundred  Shades  and  How  to  Mix  Them 8vo,  *io  00 

De  Varona,  A    Sewer  Gases.    (Science  Series  Ho.  55.) i6mo,  o  50 

Devey,  R.  G.    Mill  and  Factory  Wiring.     (Installation  Manuals  Series.) 

xamo,  *x  00 

Dibdin,  W.  J.    Public  Lighting  by  Gas  and  Electricity 8vo,  *8  00 

Purification  of  Sewage  and  Water 8vo,  6  50 

Dichmann,  Carl.    Basic  Open-Hearth  Steel  Process ximo,  *3  50 

Dieter ich,  K.    Analjrsis  of  Resins,  Balsams,  and  Gum  Resins 8vo,  *3  00 

Dinger,  Lieut.  H.  C.    Care  and  Operation  of  Naval  Machinery i2mo,  *2  00 

Dizon,  D.  B.    Machinist's  and  Steam  Engineer's  Practical  Calculator. 

x6mo,  morocco,  x  25 
Doble,  W.  A.    Power  Plant  Construction  on  the  Pacific  Coast  (In  Press.) 
Dodd,  6.    Dictionary  of  Manufactures,   Mining,   Machinery,  and  the 

Industrial  Arts i2mo,  x  50 

Dorr,  B.  F.    The  Surveyor's  Guide  and  Pocket  Table-book. 

x6mo,  morocco,  2  00 

Down,  P.  B.    Handy  Copper  Whre  Table x6mo,  *x  00 

Draper,  C.  H.    Elementary  Text-book  of  Light,  Heat  and  Sound. . .  x2mo,  x  00 

Heat  and  the  Principles  of  Thermo-dynamics X2mo,  x  50 

Duckwall,  E.  W.    Canning  and  Preserving  of  Food  Products 8vo,  *5  00 

Dumesny,  P.,  and  Noyer,  J.    Wood  Products,  Distillates,  and  Extracts. 

8vo,  *4  50 
Duncan,  W.  G.,  and  Penman,  D.    The  Electrical  Equipment  of  Collieries. 

8vo,  *4  00 
Dun8tan,^A.  E.,  and  Thole,  F.  B.  T.    Textbook  of  Practical  Chemistiy. 

x2mo,  *x  40 

Duthie,  A.  L.    Decorative  Glass  Processes.    (Westminster  Series.).  .8vo,  *2  00 

Dwig^t,  H.  B.    Transmission  Line  Formulas 8vo,  (In  Press.) 

Dyson,  S.  S.    Practical  Testing  of  Raw  Materials 8vo,  *5  00 

Dyson,  S.  S.,  and  Clarkson,  S.  S.    Chemical  Works 8vo,  *7  50 
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Eccles,  R.  6.,  and  Duckwall,  B.  W.    Food  Preservatives 8vo,  paper  o  50 

Eddy,  H.  T.    Researches  in  Graphical  Statics 8vo,  i  50 

Maximum  Stresses  under  Concentrated  Loads. 8vo,  x  50 

Edgcumbe,  K.    Industrial  Electrical  Measuring  Instruments 8vo,  *2  50 

Eissler,  M.    The  Metallurgy  of  Gold 8vo  7  50 

The  Hydrometallurgy  of  Copper 8vo,  *4  50 

The  Metallurgy  of  Silver 8vo,  4  00 

The  Metallurgy  of  Argentiferous  Lead 8vo,  5  00 

Cyanide  Process  for  the  Extraction  of  Gold 8vo,  3  00 

A  Handbook  on  Modem  Explosives 8vo,  5  00 

Ekin,  T.  C.    Water  Pipe  and  Sewage  Discharge  Diagrams folio,  *3  00 

Eliot,  C.  W.,  and  Storer,  F.  H.    Compendious  Manual  of  Qualitative 

Chemical  Analysis iimo,  *i  25 

Elliot,  Major  G.  H.    European  Light-house  Systems 8vo,  5  00 

Ennis,  Wm.  D.    Linseed  Oil  and  Other  Seed  Oils 8vo,  *4  00 

Applied  Thermodynamics 8vo  *4  50 

Flying  Machines  To-day iixno,  *i  50 

Vapors  for  Heat  Engines lamo,  *i  00 

Erfurt,  J.    Dyeing  of  Paper  Pulp.    Trans,  by  J.  Hubner 8vo,  *7  50 

Erskine-Murray,  J.    A  Handbook  of  Wireless  Telegraphy 8vo,  *3  50 

Evans,  C.  A.    Macadamized  Roads (In  Press.) 

Ewing,  A.  J.    Magnetic  Induction  in  Iron 8vo,  *4  00 

Fairie,  J.    Rotes  on  Lead  Ores i2mo,  *i  00 

Notes  on  Pottery  Clays iimo,  *i  50 

Fairley,  W.,  and  Andre,  Geo.  J.     Ventilation  of  Coal  Mines.     (Science 

Series  No.  58.) i6mo,  o  50 

Fairweather,  W.  C.     Foreign  and  Colonial  Patent  Laws 8vo,  ^^3  00 

Fanning,  J.  T.    Hydraulic  and  Water-supply  Engineering 8vo,  ^^5  00 

Fauth,  P.      The  Moon  in  Modern  Astronomy.    Trans,  by  J.  McCabe. 

8vo,  *2  00 

Fay,  I.  W.    The  Coal-tar  Colors 8vo,  *4  00 

Fembach,  R.  L.    Glue  and  Gelatine 8vo,  *3  00 

Chemical  Aspects  of  Silk  Manufacture xamo,  *i  00 

Fischer,  £.    The  Preparation  of  Organic  Compounds.    Trans,  by  R.  V. 

Stanford i2mo,  *i  25 

Fish,  J.  C.  L.    Lettering  of  Working  Drawings Oblong  8vo,  i  00 

Fisher,  H.  K.  C,  and  Darby,  W.  C.    Submarine  Cable  Testing 8vo,  *3  50 

Fiske,  Lieut.  B.  A.    Electricity  in  Theory  and  Practice 8vo,  2  50 

Fleischmann,  W.   The  Book  of  the  Dairy.  Trans,  by  C.  M.  Aikman.  8vo,  4  00 
Fleming,  J.  A.    The  Alternate-current  Transformer.    Two  Volumes.    8vo. 

VoL   I.    The  Induction  of  Electric  Currents *5  00 

Vol.  n.    The  Utilization  of  Induced  Currents *5  00 

Propagation  of  Electric  Currents 8vo,  *3  00 

Centenary  of  the  Electrical  Current 8vo,  *o  50 

Electric  Lamps  and  Electric  Lighting 8vo,  *3  00 

Electrical  Laboratory  Notes  and  Forms 4to,  *5  00 

A  Handbook  for  the  Electrical  Laboratory  and  Testing  Room.    Two 

Volumes 8vo,  each,  *5  00 

Fluery,  H.    The  Calculus  Without  Limits  or  Infinitesimals.    Trans,  by 
C.  0.  Mailloux (In  Press,) 
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xiynn,  P.  J.    Flow  of  Water.    (Science  Series  No.  84.) 16010, 

Hydraulic  Tables.    (Science  Series  Ho.  66.) i6mo, 

Foley,  N.    British  and  American  Customary  and  Metric  Measures,  .folio, 
Foster,  H.  A.    Electrical  Engineers'  Pocket-book.    (Sixih  Editian.) 

i2mo,  leather, 

Engineering  Valuation  of  Public  Utilities  and  Factories 8vo, 

Foster,  Gen.  J.  G.    Submarine  Blasting  in  Boston  (Mass.)  Harbor. . . .  4to, 

Fowle,  F.  F.    Overhead  Transmission  Line  Crossings iimo, 

The  Solution  of  Alternating  Current  Problems 8to  {In  Press.) 

Fox,  W.  G.    Transition  Curves.    (Science  Series  No.  no.) i6mo,      o  50 

Fox,  W.,  and  Thomas,  C.  W.    Practical  Course  in  Mechanical  Draw- 
ing  i2mo,      I  25 

Foye,  J.  C.    Chemical  Problems.    (Science  Series  No.  69.) x6mo,      o  50 

Handbook  of  Mineralogy.     (Science  Series  No.  86.) i6mo,      o  50 

Francis,  J.  B.    Lowell  Hydraulic  Experiments 4to,     15  00 

Freudemacher,    P.    W.    Electrical   Mining   Installations.     (Installation 

Manuals  Series) xamo,    *x  00 

FHth|  J.    Alternating  Current  Design 8vo,    *2  00 

FHtsch,  J.    Manufacture  of  Chemical  Manures.    Trans,  by  D.  Grant. 

8vo,    *4  00 

Frye,  A.  I.    Civil  Engineers'  Pocket-book xamo,  leatiier. 

Fuller,  G.  W.      Investigations  into  the  Purification  of  the  Ohio  River. 

4to.  *io  00 
Fumell,  J.    Paints,  Colors,  Oils,  and  Varnishes 8vo,     *i  00 

Gairdner,  J.  W.  I.    Earthwork 8vo,  {In  Press.) 

Gant,  L.  W.    Elements  of  Electric  Traction 8vo,  *2  50 

Garforth,  W.  E.    Rules  for  Recovering  Coal  Mines  after  Explosions  and 

Fires i2mo,  leather,  i  50 

Gaudard,  J.    Foundations*    (Science  Series  No.  34.) i6mo,  o  50 

Gear,  H.  B.,  and  Williams,  P.  F.    Electric  Central  Station  Distribution 

Systems 8vo,  *3  00 

Geerligs,  H.  C.  P.    Cane  Sugar  and  Its  Manufacture 8vo,  *$  00 

Geikie,  J.    Structural  and  Field  Geology 8vo,  *4  00 

Gerber,N.  Analjrsis  of  Milk,  Condensed  Milk,  and  Infants' Milk-Food.   8vo,  i  25 
Gerhard,  W.  P.    Sanitation,  Watersupply  and  Sewage  Disposal  of  Country 

Houses i2mo,  *2  00 

Gas  Lighting.     (Science  Series  No.  xii.) i6mo,  o  50 

Household  Wastes.     (Science  Series  No.  97.) i6mo,  o  50 

House  Drainage.     (Science  Series  No.  63.) i6mo,  o  50 

Sanitary  Drainage  of  Buildings.     (Science  Series  No.  93.) i6mo,  o  50 

Gerhardi,  C.  W.  H.    Electricity  Meters 8vo,  *4  00 

Geschwind,  L.    Manufacture  of  Alum  and  Sulphates.    Trans,  by  C. 

Salter 8vo,  *5  00 

Gibbs,  W.  E.    Lighting  by  Acetylene i2mo,  *i  50 

Physics  of  Solids  and  Fluids.     (Carnegie  Technical  School's  Text- 
books.)   ♦i  so 

Gibson,  A.  H.    Hydraulics  and  Its  Application 8vo,  *5  00 

Water  Hammer  in  Hydraulic  Pipe  Lines i2mo,  *2  00 

Gilbreth,  F.  B.    Motion  Study. i2mo,  *2  00 

Primer  of  Scientific  Management i2mo,  *i  00 
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Gillmore,  OexL  Q.  A.    Limes,  Hydraulic  Cements  asd  Mortan 8vo, 

Roada,  Streets,  and  Pavements xamo, 

Ooiding,  H.  A.    The  Theta-Phi  Diagram xamo, 

Goldschmidt,  R.    Alternating  Current  Commutator  Motor Syo, 

Ooodchild,  W.    Precious  Stones.    (Westminster  Series.) 8vo, 

Ooodeve,  T.  M.    Textbook  on  the  Steam-engine xamo, 

Gore,  6.    Electrolytic  Separation  of  Metals 8vo, 

Gould,  £.  S.    Arithmetic  of  the  Steam-engine xamo, 

Calculus.     (Science  Series  No.  ixa.) i6mo, 

-^^  High  Masonry  Dams.    (Science  Series  No.  aa.) x6mo, 

Practical  Hydrostatics  and  Hydrostatic  Formulas.    (Science  Series 

No.  1x7.) x6mo,  o  so 

Grant,  J.    Brewing  and  Distilling.     (Westminster  Series.)  8vo  (In  Press.) 

Gratacap,  L.  P.    A  Popular  Guide  to  Minerals Svo  {In  Press.) 

Gray,  J.    Electrical  Influence  Machines xamo,  a  00 

■^^  Marine  Boiler  Design xamo,   {In  Press.) 

Greenhill,  G.    Dynamics  of  Mechanical  Flight 8vo,  {In  Press.) 

Greenwood,  E.    Classified  Guide  to  Technical  and  Commercial  Books.  870,  *$  00 

Gregorius,  R.    Mineral  Waxes.    Trans,  by  C.  Salter xamo,  *3  00 

Griffiths,  A.  B.     A  Treatise  on  Manures. xamo,  3  00 

Dental  Metallurgy 8vo,  *3  50 

Gross,  E.    Hops Svo,  *4  50 

Grossman,  J.    Ammonia  and  Its  Compounds xamo,  *i  as 

Groth,  L.  A.    Welding  and  Cutting  Metals  by  Gases  or  Electricity 8vo,  *3  00 

Grover,  F.    Modem  Gas  and  Oil  Engines 8vo,  *a  00 

Gruner,  A.    Power-loom  Weaving 8vo,  *3  00 

Gilldner,  Hugo.    Internal  Combustion  Engines.    Trans,  by  H.  Diederichs. 

4to,  '^xo  00 

Gunther,  C.  O.    Integration xamo,  *x  as 

Gurden,  R.  L.    Traverse  Tables folio,  half  morocco,  *7  so 

Guy,  A.  E.    Experiments  on  the  Flexure  of  Beams. 8vo,  *x  as 

Haeder,   H.     Handbook  on   the   Steam-engine.     Trans,  by  H.  H.  P. 

Powles xamo,  3  00 

Hainbach,  R.    Pottery  Decoration.    Trans,  by  C.  Slater xamo,  *3  00 

Haenig,  A.    Emery  and  Emery  Industry 8vo,  {In  Press.) 

Hale,  W.  J.     Calculations  of  General  Chemistry xamo,  '^x  00 

Hall,  C.  H.    Chemistry  of  Paints  and  Paint  Vehicles xamo,  *2  00 

Hall,  R.  H.     Governors  and  Governing  Mechanism xamo,  *a  00 

Hall,  W.  S.     Elements  of  the  Differential  and  Integral  Calculus 8vo,  *a  as 

Descriptive  Geometry 8vo  volume  and  a  4to  atlas,  *3  so 

Haller,  G.  F.,  and  Cunningham,  E.  T.    The  Tesla  Coil xamo,  *x  as 

Halsey,  F.  A.    Slide  Valve  Gears. xamo,  x  so 

The  Use  of  the  Slide  Rule.     (Science  Series  No.  x  14.) x6mo,  o  so 

Worm  and  Spiral  Gearing.     (Science  Series  No.  xx6.)       x6mo,  o  50 

Hamilton,  W.  G.    Useful  Information  for  Railway  Men x6mo,  x  00 

Hammer,  W.  J.    Radium  and  Other  Radio-active  Substances 8vo,  *x  00 

Hancock,  H.    Textbook  of  Mechanics  and  Hydrostatics 8vo,  x  so 

Hardy,  E.    Elementary  Principles  of  Graphic  Statics xamo,  *x  so 

Harrison,  W.  B.    The  Mechanics'  Tool-book xamo,  x  so 

Hart,  J.  W.    External  Plumbing  Work 8vo,  *3  00 
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Hart,  J.  W.    Hints  to  Plumbers  on  Joint  Wipini; 8to,    *s  oo 

Principles  of  Hot  Water  Supply 8to,    *3  oo 

Sanitary  Plumbing  and  Drainage Syo,    *3  oo 

Haskins,  C.  H.    The  Galvanometer  and  Its  Uses i6mo,      i  50 

Hatt,  J.  A.  H.    The  Colorist square  xamo,    *i  50 

Hausbrand,  E.    Drying  by  Means  of  Air  and  Steam.    Trans,  by  A.  C. 

Wright i2mo,    *2  00 

Evaporating,  Condensing  and  Cooling  Apparatus.    Trans,  by  A.  C. 

Wright 8vo,    *5  00 

Hausner,  A.    Manufacture  of  Preserved  Foods  and  Sweetmeats.    Trans. 

by  A.  Morris  and  H.  Robson 8vo, 

Hawke,  W.  H.    Premier  Cipher  Telegraphic  Code 4to, 

100,000  Words  Supplement  to  the  Premier  Code 4to, 

Hawkesworth,  J.    Graphical  Handbook  for  Reinforced  Concrete  Design. 

4to, 

Hay,  A.    Alternating  Currents 8vo, 

Electrical  Distributing  Networks  and  Distributing  Lines 8vo, 

Continuous  Current  Engineering 8vo, 

Heap,  Major  D.  P.    Electrical  Appliances 8vo, 

Heaviside,  O.     Electromagnetic  Theory.     Two  Volumes . .  .8vo,  each, 

Heck,  R.  C.  H.    The  Steam  Engine  and  Turbine 8vo, 

Steam-Engine  and  Other  Steam  Motors.    Two  Volumes. 

Vol.   I.    Thermodynamics  and  the  Mechanics 8vo, 

VoL  n.    Form,  Construction,  and  Working 8vo, 

Notes  on  Elementary  Kinematics 8vo,  boards, 

Graphics  of  Machine  Forces 8vo,  boards, 

Hedges,  K.    Modem  Lightning  Conductors 8vo, 

Heermann,  P.     Dyers'  Materials.     Trans,  by  A.  C.  Wright i2mo, 

Hellot,  Macquer  and  D'ApIigny.     Art  of  Dyeing  Wool,  Silk  and  Cotton. 

8vo, 

Henriqi,  O.    Skeleton  Structures 8vo, 

Hering,  D.  W.    Essentials  of  Physics  for  College  Students 8vo, 

Hering-Shaw,  A.    Domestic  Sanitation  and  Plumbing.    Two  Vols. . .  8vo, 

Elementary  Science 8vo, 

Herrmann,  G.    The  Graphical  Statics  of  Mechanism.    Trans,  by  A.  P. 

Smith i2mo, 

Herzfeld,  J.    Testing  of  Yarns  and  Textile  Fabrics 8vo, 

Hildebrandt,  A.     Airships,  Past  and  Present 8vo, 

Hildenbrand,  B.  W.    Cable-Making.     (Science  Series  No.  32.) i6mo, 

Hilditch,  T.  P.    A  Concise  History  of  Chemistry i2mo. 

Hill,  J.  W.    The  Purification  of  Public  Water  Supplies.     New  Edition. 

(In  Press.) 

Interpretation  of  Water  Analysis (In  Press.) 

Hiroi,  I.    Plate  Girder  Construction.     (Science  Series  No.  95.) i6mo, 

Statically-Indeterminate  Stresses. i2mo, 

Hirshfeld,  C.  F.    Engineering  Thermodynamics.     (Science  Series  No.  45.) 

i6mo, 
Hobart,  H.  M.    Heavy  Electrical  Engineering 8vo, 

Design  of  Static  Transformers i2mo, 

Electricity 8vo, 

Electric  Trains 8vo, 
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Hobart,  H.  M.    Blactiic  Propnteioii  of  Ships 8vo, 

Hobart,  J.  F.    Hard  Soldering,  Soft  Soldering  and   Brazing,  zamo, 

(In  Pre98.) 
Hobbs,  W.  R.  P.    The  Arithmetic  of  Electrical  Measurements iimo, 

5  Hoff,  J.  N.    Paint  and  Varnish  Facts  and  Formulas i2mo, 

Hoff,  Com.  W.  B.    The  Avoidance  of  Collisions  at  Sea. . .  i6mo,  morocco, 

>  Hole,  W.    The  Distribution  of  Gas 8vo, 

Holley,  A.  L.    Railway  Practice folio, 

t  Holmes,  A.  B.    The  Electric  Light  Popularly  Explained lamo,  paper, 

Hopkins,  N.  M.    Experimental  Electrochemistry 8to, 

■  Model  Engines  and  Small  Boats i2mo, 

I  Hopkinson,  J.    Shoolbred,  J.  N.,  and  Day,  R.  E.    Dynamic  Electricity. 

I  (Science  Series  No.  71.) i6mo, 

Homer,  J.    Engineers*  Turning 8vo, 

Metal  Turning zamo, 

Toothed  Gearing zamo, 

Houghton,  C.  E.    The  Elements  of  Mechanics  of  Materials zamo, 

HouUevigue,  L.    The  Brolution  of  the  Sciences 8vo, 

Howe,  G.    Mathematics  for  the  Practical  Man zamo, 

Howorth,  J.    Repairing  and  Riveting  Glass,  China  and  Earthenware. 

8vo,  paper, 

Hubbard,  E.    The  Utilization  of  Wood-waste 8vo, 

Hfihner,  J.    Bleaching  and  Dyeing  of  Vegetable  and  Fibrous  Materials 

(Outlines  of  Industrial  Chemistzy) 8vo,  (In  Press,) 

Hudson,  O.  F.    Iron  and  Steel.    (Outlines  of  Industrial  Chemistry.) 

8vo,  (In  Press,) 
Humper,  W.    Calculation  of  Strains  in  Girders zamo, 

Humphreys,  A.  C.    The  Business  Features  of  Engineering  Practice .  8vo, 

Hunter,  A.    Bridge  Work. 8vo,  (In  Press,) 

Hurst,  G.  H.    Handbook  of  the  Theory  of  Color 8vo, 

Dictionary  of  Chemicals  and  Raw  Products 8vo, 

Lubricating  Oils,  Fats  and  Greases 8vo, 

Soaps 8vo, 

Textile  Soaps  and  Oils 8vo, 

Hurst,  H.  £.,  and  Lattey,  R.  T.    Text-book  of  Physics 8vo, 

Hutchinson,  R.  W.,  Jr.    Long  Distance  Electric  Power  Transmission. 

zamo,    *3  00 
Hutchinson,  R.  W.,  Jr.,  and  Ihlseng,  M.  C.    Electricity  in  Mining . .  zamo, 

(In  Press) 
Hutchinson,  W.  B.    Patents  and  How  to  Make  Money  Out  of  Them,  zamo, 

Hutton,  W.  S.    Steam-boiler  Construction 8vo, 

Practical  Engineer's  Handbook 8vo, 

The  Works'  Manager's  Handbook 8vo, 

Hyde,  E.  W.    Skew  Arches.    (Science  Series  No.  Z5.) z6mo, 

Induction  Coils.     (Science  Series  No.  53.) z6mo. 

Ingle,  H.    Manual  of  Agricultural  Chemistry 8vo, 

Innes,  C.  H.    Problems  in  Machine  Design zamo, 

Air  Compressors  and  Blowing  Engines. zamo, 

Centrifugal  Pumps zamo, 

The  Fan zamo, 
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Itiierwoody  B.  F.    Bogineering  PreMdents  for  Steam  Machmery 8vo,     '  a  50 

iTmtts,  B.  B.    Railway  Management  at  Stations. 8vOy     *^  50 

Jacob,  A.,  and  Goulds  B.  S.    On  the  Designing  and  Construction  of 

Storage  Reservoirs.     (Science  Series  No.  6.) i6mOy 

Jamieson,  A.    Text  Book  on  Steam  and  Steam  Bngines Svo, 

— -  Blementary  Msnnsi  on  Steam  and  the  Steam  Engine i2mo, 

Jannettaz,  E.    Guide  to  the  Determination  of  Rocks.    Trans,  by  6.  W. 

Plympton iimo, 

Jehl,  F.    Manufacture  of  Carbons 8vo, 

Jennings,  A  S.    Commercial  Paints  and  Painting.    (Westminster  Series.) 

8vo  (/n  Prew}) 

Jennison,  F.  H.    The  Manufacture  of  Lake  Pigments 8vo, 

Jepson,  G.    Cams  and  the  Principles  of  their  Construction 8to, 

Mechanical  Drawing 8to  {In  Preparation,) 

Jockin,  W.    Arithmetic  of  the  Gold  and  Silversmith i2mo, 

Johnson,  G.  L.    Photographic  Optics  and  Color  Photography 8vo, 

Johnson,  J.  H.      Arc  Lamps  and  Accessory  Apparatus.     (Installation 

Manuals  Series.) lamo, 

Johnson,   T.   M.      Ship    Wiring   and   Fitting.      (Installation   Manuals 

Series) iimo, 

Johnson,  W.  H.    The  Cultivation  and  Preparation  of  Para  Rubber. .  .870, 

Johnson,  W.  McA.     The  Metallurgy  of  Nickel (/n  Preparation.) 

Johnston,  J.  F.  W.,  and  Cameron,  C.    Blements  of  Agricultural  Chemistry 

and  Geology lamo, 

Joly,  J.     Raidoactivity  and  Geology i2mo, 

Jones,  H.  C.    Electrical  Nature  of  Matter  and  Radioactiyity lamo, 

Jones,  M.  W.    Testing  Raw  Materials  Used  in  Paint i2mo, 

Jones,  L.,  and  Scard,  F.  I.    Manufacture  of  Cane  Sugar 8vo, 

Jordan,  L.  C.    Practical  Railway  Spiral lamo.  Leather,  (In  Press.) 

Joynson,  F.  H.     Designing  and  Construction  of  Machine  Gearing 8yo, 

Jtiptner,  H.  F.  V.    Siderology:  The  Science  of  Iron 8vo, 

Kansas  City  Bridge 4to, 

Kapp,  G.    Alternate  Current  Machinery.     (Science  Series  No.  96.) .  z6mo, 

Electric  Transmission  of  Energy i2mo, 

Keim,  A.  W.    Prevention  of  Dampness  in  Buildings 8vo, 

Keller,  S.  S.    Mathematics  for  Engineering  Students.     i2mo,  half  leather. 

Algebra  and  Trigonometry,  with  a  Chapter  on  Vectors *z  75 

Special  Algebra  Edition *i  00 

Plane  and  Solid  Geometry *i  25 

Analytical  Geometry  and  Calculus *2  00 

Kelsey,  W.  R.    Continuous-current  Dynamos  and  Motors 8vo,  *2  50 

Kemble,  W.  T.,  and  Underbill,  C.  R.    The  Periodic  Law  and  the  Hydrogen 

Spectrum 8vo,  paper,  ♦o  50 

Kemp,  J.  F.    Handbook  of  Rocks 8vo,  *z  50 

Kendall,  E.    Twelve  Figure  Cipher  Code 4to,  *Z2  50 

Kennedy,  A,  B.  W.,  and  Thurston,  R.  H.    Kinematics  of  Machinery. 

(Science  Series  No.  54.) i6mo,      o  50 

Kennedy,  A.  B.  W.,  Unwin,  W.  C,  and  Idell,  F.  £.    Compressed  Air. 

(Science  Series  No.  106.) i6mo,      o  50 
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Kennedy,  R.    Modem  Engines  and  Power  Oenenton.    SlzVolomes.  4to, 

Single  Volnmes each, 

Electrical  Installations.    Five  Volumes 4to, 

Single  Volumes each, 

Flying  Machines;  Practice  and  Design xamo, 

Principles  of  Aeroplane  Construction 8vo, 

Kennelly,  A.  E.    Electro-djrnamic  Machinery Svo, 

Kent,  W.    Strength  of  Materials.    (Science  Series  Ho.  41.) i6mo, 

Kershaw,  J.  B.  C.    Fuel,  Water  and  Gas  Analysis 8vo, 

Electrometallurgy.    (Westminster  Series.) 8to, 

The  Electric  Furnace  in  Iron  and  Steel  Production lamo, 

Kinzbrunner,  C.     Alternate  Current  Windings 8vo, 

Continuous  Current  Armatures 8vo, 

Testing  of  Alternating  Current  Machines 8vo, 

Kirkaldy,  W.  G.    David  Kirkaldy's  System  of  Mechanical  Testing. . .  .4to, 

Kirkbride,  J.    Engraving  for  Illustration 8vo, 

Kirkwood,  J.  P.    Filtration  of  River  Waters 4to, 

Klein,  J.  F.    Design  of  a  High-speed  Steam-engine 8vo, 

Physical  Significance  of  Entropy 8vo, 

Kleinhans,  F.  B.    Boiler  Construction 8vo, 

X[night,  R.-Adm.  A.  M.    Modem  Seamanship 8vo, 

Half  morocco ...     *9 

Knox,  W.  F.    Logarithm  Tables (In  Preparation.) 

Knott,  C.  G.,  and  Maclcay,  J.  S.    Practical  Mathematics 8vo, 

Koester,  F.    Steam-Electric  Power  Plants 4to, 

Hydroelectric  Developments  and  Engineering 4to, 

Koller,  T.    The  Utilization  of  Waste  Products 8vo, 

Cosmetics 8vo, 

Kretchmar,  K.    Tarn  and  Warp  Sizing 8vo, 

»,  A.    Gas  and  Oil  Engines xamo, 
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Lambert,  T.    Lead  and  its  Compounds 8vo, 

Bone  Products  and  Manures 8vo, 

Lambom,  L.  L.    Cottonseed  Products 8vo, 

Modem  Soaps,  Candles,  and  Glycerin 8vo, 

Lamprecht,  R.    Recovery  Work  After  Pit  Fires.    Trans,  by  C.  Salter . .  8vo, 
Lanchester,  F.  W.    Aerial  Flight.    Two  Volumes.    8vo. 

Vol.  I.    Aerodynamics *6  00 

Aerial  Flight    VoL  H.    Aerodonetics *6  00 

Lamer,  E.  T.    Principles  of  Alternating  Currents i2mo,    *x  25 

Larrabee,  C.  S.    Cipher  and  Secret  Letter  and  Telegraphic  Code. . . .  x6mo,      o  60 

La  Rue,  B.  F.    Swing  Bridges.     (Science  Series  No.  107.) i6mo,      o  50 

Lassar-Cohn,  Dr.    Modem  Scientific  Chemistry.     Trans,  by  M.  M.  Patti- 

son  Muir i2mo,    *2  00 

Latimer,  L.  H.,  Field,  C.  J.,  and  Howell,  J.  W.    Incandescent  Electric 

Lighting.     (Science  Series  No.  57.) x6mo,      o  50 

Latta,  M.  N.    Handbook  of  American  Gas-Engineering  Practice 8vo,    *4  50 

American  Producer  Gas  Practice 4to,    ^^6  00 

Leask,  A.  R.    Breakdowns  at  Sea i2mo,      2  00 

Refrigerating  Machinery i2mo,      2  00 

Lecky,  S.  T.  S.    <'  Wrinkles  "  m  Practical  Navigation 8vo,    *8 


16     D.  VAN  NOSTRAND  COMPANY'S  SHORT  TITLE  CATALOG 

Le  DottZt  M.    Ice-Makiiig  Hachinet.     (Sciance  Series  No.  46.) i6mo,       o  50 

Leeds,  C.  C.    Mechanical  Drawing  foi  Trade  Schools oblong  4to, 

High  School  Edition *i  25 

Machinery  Trades  Edition «3  00 

Lef^Tre»  L.    Architectural  Pottery.     Trans,  by  H.  K.  Bird  and  W.  M. 

Binns 4to,     *7  50 

Lehner,  S.    Ink  Manufacture.    Trans,  by  A.  Morris  and  H.  Robson .  .8to,     *2  so 

Lemstrom,  S.    Electricity  in  Agriculture  and  Horticulture 8vo,     *i  50 

Le  Van;  W.  B.    Steam-Engine  Indicator.    (Science  Series  No.  78.) .  i6mo,      o  50 

Lewes,  V.  B.    Liquid  and  Gaseous  Fuels.    (Westminster  Series.) 8vo,     *2  00 

Lewis,  L.  P.    Railway  Signal  Engineering 8vo,    ^3  50 

Lieber,  B.  F.    Lieber's  Standard  Telegraphic  Code 8vo,  *io  00 

Code.    German  Edition Svo,  *io  00 

Spanish  Edition 8vo,  *io  00 

French  Edition 8vo,  ♦lo  00 

Terminal  Index gyo^    *2  50 

Lieber's  Appendix folio,  *i5  00 

Handy  Tables 4to,    *2  50 

Bankers  and  Stockbrokers'  Code  and  Merchants  and  Shippers'  Blank 

Tables 8to,  ♦is  00 

100,000,000  Combination  Code :  .8vo,  *io  00 

Engineering  Code 8vo,  •xa  50 

Liyermore,  V.  P.,  and  Williams,  J.    How  to  Become  a  Competent  Motor- 
man lamo,    *i  00 

Livingstone,  R.    Design  and  Construction  of  Commutators 8vo,    *3  25 

Lobben,  P.    Machinists'  and  Draftsmen's  Handbook        Svo,      2  50 

Locke,  A.  G.  and  C.  G.    Manufacture  of  Sulphuric  Acid 8vo,     10  00 

Lockwood,  T.  D.    Electricity,  Magnetism,  and  Electro-telegraph 8vo,      2  so 

Electrical  Measurement  and  the  Galvanometer iimo,      o  75 

Lodge,  O.  J.    Elementary  Mechanics lamo,      i  so 

SignaUing  Across  Space  without  Wires 8vo,    *2  00 

Loewenstein,  L.  C,  and  Crissey,  C.  P.    Centrifugal  Pumps *4  So 

Lord,  R.  T.    Decorative  and  Fancy  Fabrics 8vo,    *3  so 

Loring,  A.  £.     A  Handbook  of  the  Electromagnetic  Telegraph. ....  i6mo,      o  so 

Handbook.    (Science  Series  No.  39.) i6mo,      o  so 

Low,  D.  A.    Applied  Mechanics  (Elementary) i6mo,      o  80 

Lubschez,  B  J.    Perspective (In  Press.) 

Lucke,  C.  E.«    Gas  Engine  Design 8vo,    *3  00 

Power  Plants:  Design,  Efficiency,  and  Power  Costs,  a  vols.  (In  Preparation.) 

Lunge,  G.    Coal-tar  and  Ammonia.    Two  Volumes 8vo,  *is  00 

Manufacture  of  Sulphuric  Acid  and  Alkali.    Four  Volumes 8 vo. 

Vol.     I.    Sulphuric  Acid.    In  two  parts *IS  00 

Vol.  n.    Salt  Cake,  Hydrochloric  Acid  and  Leblanc  Soda.  In  two  parts  *i5  00 

Vol.  in.    Ammonia  Soda *io  00 

VoU  IV.  Electrolytic  Methods (In  Press.) 

Technical  Chemists'  Handbook X2mo,  leather,    *3  50 

Technical  Methods  of  Chemical  Analysis.    Trans,  by  C.  A.  Sleane. 

in  collaboration  with  the  corps  of  specialists. 

VoL  L    In  two  parts 8vo,  *i5  00 

Vol.  n.    In  two  parts 8vo,  *x8  00 

Vol.  in (In  Preparation.) 
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Lupton,  A.,  Parr,  G.  D.  A,  and  Parkin,  H.    Electricity  as  Applied  to 

Mining 8vo, 

Luquer,  L.  M.    Minerals  in  Rock  Sections 8vo, 

Macewen,  H.  A.    Food  Inspection Syo, 

Mackenzie,  N.  F.    Notes  on  Irrigation  Works 8vo, 

Mackie,  J.     How  to  Make  a  Woolen  Mill  Pay 8vo, 

Mackrow,  C.     Naval  Architect's  and  Shipbuilder's  Pocket-book. 

i6nio,  leather, 

Magutre,  Wm.  R.     Domestic  Sanitary  Drainage  and  Plumbing 8vo, 

Mallet,  A.    Compound  Engines.    Trains,  by  R.  R.  BueU     (Science  Series 

No.  10.) i6mo, 

Mansfield,  A.  N.    Electro-magnets.     (Science  Series  No.  64.) i6mo, 

Marks,  £.  C.  R.    Construction  of  Cranes  and  Lifting  Machinery i2mo, 

Construction  and  Working  of  Pumps iimo, 

Manufacture  of  Iron  and  Steel  Tubes iimo, 

Mechanical  Engineering  Materials ismo, 

Marks,  G.  C.    Hydraulic  Power  Engineering 8vo, 

Inventions,  Patents  and  Designs i2mo, 

Marlow,  T.  G.    Drying  Machinery  and  Practice 8vo, 

Marsh,  C.  F.    Concise  Treatise  on  Reinforced  Concrete 8vo, 

Reinforced  Concrete  Compression  Member  Diagram.    Mounted  on 

Cloth  Boards *i 

Marsh,  C.  F.,  and  Dunn,  W.    Reinforced  Concrete 4to, 

Marsh,  C.  F.,  and  Dunn,  W.     Manual  of  Reinforced  Concrete  and  Con- 
crete Block  Construction i6mo,  morocco, 

Marshall,  W.  J.,  and  Sankey,  H.  R.    Gas  Engines.    (Westminster  Series.) 

8vo, 

Martin.  G,    Triumphs  and  Wonders  of  Modem  Chemistry 8vo, 

Martin,  N.     Properties  and  Design  of  Reinforced  Concrete. 

(In  Press.) 
Massie,  W.  W.,  and  Underbill,  C.  R.    Wireless  Telegraphy  and  Telephony. 

i2mo,    *i  00 
Matheson,  D.    Australian  Saw-Miller's  Log  and  Timber  Ready  Reckoner. 

lamo,  leather,      i  50 

Mathot,  R.  E.    Internal  Combustion  Engines 8vo,    *6  00 

Maurice,  W.    Electric  Blasting  Apparatus  and  Explosives 8vo,    *3  50 

Shot  Firer's  Guide 8vo,    *!  50 

Maxwell,  J.  C.    Matter  and  Motion.     (Science  Series  No.  36.) x6mo,      o  50 

Maxwell,  W.  H.,  and  Brown,  J.  T.    Encyclopedia  of  Municipal  and  Sani- 
tary Engineering 4to,  ♦10  00 

Mayer,  A.  M    Lecture  Notes  on  Physics 8vo,      2  00 

McCullough,  R.  S.    Mechanical  Theory  of  Heat 8vo,      3  50 

Mcintosh,  J.  G.    Technology  of  Sugar 8vo,    *4  50 

Industrial  Alcohol 8vo,    *3  00 

Manufacture  of  Varnishes  and  Kindred  Industries.    Three  Volumes. 

8vo. 

Vol.     I.    Oil  Crushing,  Refining  and  Boiling *3  5o 

VoL   n.    Varnish  Materials  and  Oil  Varnish  Making *4  00 

Vol.  m.    Spirit  Varnishes  and  Materials *4  5o 

McKnight,  J.  D.,  and  Brown,  A  W.    Marine  Multitubular  Boilers *i  50 
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McMastar,  J.  B.    Bridge  and  Ttumd  CentrM.    (Sctence  Series  Ha  20.) 

McMechen,  F.  L.     Tests  for  Ores,  Minerals  and  MetaJs lamo, 

McNeill,  B.    MdffeiU's  Code 8vo, 

McPherson,  J.  A.    Water-works  Distribution Svo, 

Melick,  C.  W.    Pairy  Laboratory  Guide iimo, 

Merck,  £.    Chemical  Reagents;  Their  Purity  and  Tests Svo, 

Merritt,  Wm.  H.    Field  Testing  for  Gold  and  Silver i6mo,  leather, 

Messer,  W.  A.    Railway  Permanent  Way 8vo,  (In  Pren.) 

Meyer,  J.  6.  A.,  and  Pecker,  C.  G.    Mechanical  Drawing  and  Machine 

Design 4to, 

MicheU,  S.    Mine  Drainage 8vo, 

Mierzinski,  S.    Waterproofing  of  Fabrics.    Trans,  by  A.  Morris  and  H. 

Robson 8vo, 

Miller,  £.  H.    Quantitative  Analysis  for  Mining  Engineers 8vo, 

Miller,  6.  A.    Determinants.     (Science  Series  No.  105.) i6mo, 

Milroy,  M.  B.  W.    Home  Lace-makings iimo, 

Minifie,  W.    Mechanical  Drawing 8vo, 

Mitchell,  C.  A.,  and  Prideauz,  R.  M.    Fibres  Used  in  Textile  and  Allied 

Industries 8vo, 

Modern  Meteorology i2mo, 

Monckton,  C.  C.  F.    Radiotelegraphy.     (Westminster  Series.) 8vo,     *a  00 

Monteverde,  R.  D.    Vest  Pocket  Glossary  of  English-Spanish,  Spanish- 
English  Technical  Terms 64mo,  leather,     *i  00 

Moore,  E.  C.  S.    New  Tables  for  the  Complete  Solution  of  Ganguillet  and 

Kutter's  Formula 8vo,    ♦s  00 

Morecroft,  J.  H.,  and  Hehre,  F.  W.    Short  Course  in  Electrical  Testing. 

8vo, 
Moreing,  C.  A.,  and  Neal,  T.    New  General  and  Mining  Telegraph  Code,  8vo, 

Morgan,  A.  P.    Wireless  Telegraph  Apparatus  for  Amateurs i2mo, 

Moses,  A.  J.    The  Characters  of  Crystals 8vo, 

Moses,  A.  J.,  and  Parsons,  C.  L.    Elements  of  Mineralogy 8vo, 

Moss,  S.  A.  Elements  of  Gas  Engine  Design.  (Science  Series  No.i2i.)i6mo, 
The  Lay-out  of  Corliss  Valve  Gears.  (Science  Series  No.  X19.).  i6mo, 

Mulford,  A.  C.    Boundaries  and  Landmarks (In  Press,) 

MuUin,  J.  P.    Modern  Moulding  and  Pattern-making lamo, 

Munby,  A.  E.    Chemistry  and  Physics  of  Building  Materials.     (Westmin- 
ster Series.) 8vo, 

Murphy,  J.  G.    Practical  Mining i6mo, 

Murray,  J.  A.    Soils  and  Manures.     (Westminster  Series.) Svo, 

Naquet,  A.     Legal  Chemistry i2mo, 

Nasmith,  J.    The  Student's  Cotton  Spinning Svo, 

Recent  Cotton  Mill  Construction i2mo, 

Neave,  G.  B.,  and  Heilbron,  I.  M.    Identification  of  Organic  Compounds. 

lamo, 

Neilson,  R.  M.    Aeroplane  Patents Svo, 

Nerz,  F.    Searchlights.     Trans,  by  C.  Rodgers Svo,     *3  00 

Nesbit,  A.  F.    Electricity  and  Magnetism (In  PreparaHon,) 

Neuberger,  H.,  and  Noalhat,  H.    Technology  of  Petroleum.    Trans,  by  J. 

G.  Mcintosh Svo,  ♦io"'oo 
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Newall,  J.  W.     Drawing,  Sizing  and  Cutting  BeTel-gean. 8vo,  i  50 

Nicol,  G.     Ship  Constnictiott  and  Calculations 8vo,  *4  50 

NipheTy  F.  B.     Theory  of  Iftagnetic  Measurements lamo,  i  00 

Nisbety  H.     Grammar  of  Textile  Design 8vo,  *3  00 

Nolan,  H«     The  Telescope.    (Science  Series  Ho.  51.) xdmo,  o  50 

N0II9  A.     How  to  Wire  Buildings lamo,  i  50 

North,  H.  B.     Laboratory  Notes  of  Experiments  and  General  Chemistry. 

(In  PreM8.) 

Ntigenty  B.     Treatise  on  Optics iimo,  x  50 

O'Connor,  H.     The  Gas  Engineer's  Pocketbook i2mo,  leather,  3  50 

Petrol  Air  Gas iimo,  ♦o  75 

Ohxn,  G.  S.,  and  Lockwood,  T.  D.    Galvanic  Circuit    Translated  by 

William  Francis.    (Science  Series  No.  X02.) i6mo,  0  50 

Olsen,  J.  C.     Text-book  of  Quantitative  Chemical  Analysis 8vo,  *4  00 

OlsBon,  A.     Motor  Control,  in  Turret  Turning  and  Gun  Elevating.     (U.  S. 

Navy  Electrical  Series,  No.  x.). . . : X2mo,  paper,  *o  50 

Ottdin,  M.  A.    Standard  Polyphase  Apparatus  and  Systems 8vo,  *3  00 

Pakea,  W.  C.  C,  and  Nankivell,  A  T.    The  Science  of  Hygiene.  .8vo,  *x  75 

Palaz,  A.     Industrial  Photometry.    Trans,  by  G.  W.  Patterson,  Jr..  .8vo,  *4  00 

Pamely,  C.    Colliery  Manager's  Handbook 8vo,  *io  00 

Parr,  G.  D.  A.    Electrical  Engineering  Measuring  Instruments 8vo,  *3  50 

Parry,  E.  J.    Chemistry  of  Essential  Oils  and  Artificial  Perfumes ....  8vo,  *5  00 

Foods  and  Drugs.    Two  Volumes 8vo, 

Vol.   L    Cheniical  and  Microscopical  Analysis  of  Foods  and  Drugs.  *7  5o 

VoL  n.    Sale  of  Food  and  Drugs  Act *3  00 

Parry,  E.  J.,  and  Coste.  J.  H.    Chemistry  of  Pigments 8vo,  *4  50 

Parry,  L.  A.     Risk  and  Dangers  of  Various  Occupations 8vo,  *3  00 

Parshall,  H.  P.,  and  Hobart,  H.  M.    Armature  Windings 4 to,  *7  50 

Electric  Railway  Engineering 4to,  ♦lo  00 

Parshall,  H.  F.,  and  Parry,  E.    Electrical  Equipment  of  Tramways. . . .  (/n  Preaa,) 

Parsons,  S.  J.     Malleable  Cast  Iron 8vo,  *2  50 

Partington,  J.  R.    Higher  Mathematics  for  Chemical  Students.  .X2mo,  *a  00 

Passmore,  A.  C.     Technical  Terms  Used  in  Architecture 8vo,  *3  50 

Paterson,  G.  W.  L.    Wiring  Calculations xamo,  *2  00 

Patterson,  D.    The  Color  Printing  of  Carpet  Yams 8vo,  *3  50 

Color  Matching  on  Textiles 8vo,  ^3  00 

The  Science  of  Color  Mixing 8vo,  *3  00 

Paulding,  C.  P.    Condensation  of  Steam  in  Covered  and  Bare  Pipes. 

8vo,  ♦a  00 

Transmission  of  Heat  through  Cold-storage  Insulation xamo,  *i  00 

Payne,  D.  W.    Iron  Founders'  Handbook (In  Press.) 

Peddle,  R.  A    Engineering  and  Metallurgical  Books xamo, 

Peirce,  B.    System  of  Analytic  Mechanics 4to,  xo  00 

Pendred,  V.    The  Railway  Locomotive.     (Westminster  Series.) 8vo,  *a  00 

Perkin,  F.  M.    Practical  Methods  of  Inorganic  Chemistry xamo,  *x  00 

Perrigo,  O.  E.    Change  Gear  Devices 8vo,  x  00 

Perrine,  F.  A.  C.    Conductors  for  Electrical  Distribution 8vo,  *3  50 

Perry,  J.    Applied  Mechanics 8vo,  *a  50 

Petit,  G.    White  Lead  and  Zinc  White  Paints 8vo,  *i  50 
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Petit,  R.    How  to  BuUd  an  Aeroplane.    Trans,  by  T.  O'B.  Hubbard,  and 

J.  H.  Ledeboer 8vo, 

Pettit,  Lieut.  J.  S.    Graphic  Processes.    (Science  Series  No.  76.) . . .  i6mOy 
Pbilbrick,  P.  H.    Beams  and  Girders.     (Science  Series  No.  88.) . . .  i6mOf 

Phillips,  J.    Engineering  Chemistry Syo, 

Gold  Assaying 8vo, 

Dangerous  Goods 8vo, 

Phin,  J.    Seven  Follies  of  Science lamo, 

Pickworth,  C.  N.    The  Indicator  Handbook.    Two  Volumes. .  lamo,  each, 

Logarithms  for  Beginners lamo,  boards, 

The  Slide  Rule lamo, 

Plattner's  Msnnsl  of  Blow-pipe  Analysis.    Eighth  Edition,  revised.   Trans. 

by  H.  B.  Cornwall 8vo, 

Plympton,  G.  W.   The  Aneroid  Barometer.   (Science  Series  No.  35.)  i6mo, 

How  to  become  an  Engineer.     (S^cience  Series  No.  100.) i6mo, 

Van  Nostrand's  Table  Book.     (Science  Series  No.  104.) i6mo, 

Pochet,  H.  L.    Steam  Injectors.    Translated  from  the  French.    (Science 

Series  No.  29.) i6mo, 

Pocket  Logarithms  to  Four  Places.     (Science  Series  No.  65.) i6mo, 

leather, 

PoUeyn,  F.    Dressings  and  Finishings  for  Textile  Fabrics. 8vo, 

Pope,  F.  L.     Modern  Practice  of  the  Electric  Telegraph 8vo, 

Popplewell,  W.  C.  Elementary  Treatise  on  Heat  and  Heat  Engines. .  lamo, 

Prevention  of  Smoke 8vo, 

Strength  of  Materials 8vo, 

Porter,  J.  R.    Helicopter  Flying  Machine lamo. 

Potter,  T.     Concrete 8vo, 

Potts,  H.  E.    Chemistry  of  the  Rubber  Industry.     (Outlines  of  Indus- 
trial Chemistry) 8vo, 

Practical  Compounding  of  Oils,  Tallow  and  Grease ^. ..... .  8vo, 

Practical  Iron  Founding zamo, 

Pratt,  K.    Boiler  Draught lamo, 

Pray,  T.,  Jr.    Twenty  Years  with  the  Indicator 8vo, 

Steam  Tables  and  Engine  Constant 8vo, 

Calorimeter  Tables 8vo, 

Preece,  W.  H.    Electric  Lamps (In  Press.) 

Prelini,  C.    Earth  and  Rock  Excavation 8vo, 

Graphical  Determination  of  Earth  Slopes 8vo, 

Tunneling.    New  Edition 8vo, 

Dredging.    A  Practical  Treatise 8vo, 

Prescott,  A.  B.     Organic  Analysis 8vo, 

Prescott,  A.  B.,  and  Johnson,  0.  C.    Qualitative  Chemical  Analysis. .  .8vo, 
Prescott,  A.  B.,  and  SuUivan,  E.  C.     First  Book  in  Qualitative  Chemistry. 

lamo, 

Prideaux,  E.  B.  R.    Problems  in  Physical  Chemistry 8vo, 

Pritchard,  0.  G.    The  Manufacture  of  Electric-light  Carbons.  .8vo,  paper, 
PuUen,  W.  W.  F.    Application  of  Graphic  Methods  to  the  Design  of 

Structures lamo, 

Injectors:  Theory,  Construction  and  Working lamo, 

Pulsifer,  W.  H.    Notes  for  a  History  of  Lead 8vo, 

Purchase,  W.  R.    Masonry lamo, 
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Putsch,  A.    Gas  and  Coal-dust  Firing 8vo,  *3  oo 

Pynchon,  T.  R.    Introduction  to  Chemical  Physics 8to,  3  00 

Rafter  6.  W.    Mechanics  of  Ventilation.    (Science  Series  No.  33.) .  i6mo,  o  50 

Potable  Water.    (Science  Series  No.  103.) i6nic  50 

Treatment  of  Septic  Sewage.    (Science  Series  No.  iz8.) i6mo  50 

Rafter,  G.  W.,  and  Baker,  M.  N.    Sewage  Disposal  in  the  United  States. 

4to,  *6  00 

Raikes,  H.  P.    Sewage  Disposal  Works 8vo,  *4  00 

Railway  Shop  Up-to-Date 4to,  2  00 

Ramp,  H.  M.    Foundry  Practice (In  Press.) 

Randall,  P.  M.    Quartz  Operator's  Handbook. lamo,  2  00 

Randau,  P.    EnameUi  and  Enamelling 8vo,  *4  00 

Rankine,  W.  J.  M.    Applied  Mechanics 8vo,  5  00 

Civil  Engineering 8vo,  6  50 

Machinery  and  Millwork 8vo,  5  00 

The  Steam-engine  and  Other  Prime  Movers. 8vo,  5  00 

Useful  Rules  and  Tables 8vo,  4  00 

Rankine,  W.  J.  M.,  and  Bamber,  B.  F.    A  Mechanical  Tezt-book. . . .  8vo,  3  50 
Raphael,  F.  C.    Localization  of  Faults  in  Electric  Light  and  Power  Mains. 

8vo,  *3  00 

Rasch,  B.    Electric  Arc.    Trans,  by  K.  Tombeig (In  Press,) 

Rathbone,  R.  L.  B.    Simple  Jewellery 8vo,  *2  00 

Rateau,  A.    Flow  of  Steam  through  Nozzles  and  Orifices.     Trans,  by  H. 

B.  Brydon 8vo,  *i  50 

Raosenberger,  F.    The  Theory  of  the  Recoil  of  Guns 8vo,  *4  50 

Raotenstrauch,  W.    Notes  on  the  Elements  of  Machine  Design.  8vo,  boards,  *i  50 
Rautenstrauch,  W.,  and  Williams,  J.  T.    Machine  Drafting  and  Empirical 

Design. 

Part  I.  Machine  Drafting 8vo,  *i  25 

Part  n.  Empirical  Design (In  Preparation.) 

Raymond,  E.  B.    Alternating  Current  Engineering i2mo,  *2  50 

Rayner,  H.    Silk  Throwing  and  Waste  Silk  Spinning 8vo,  *2  50 

Recipes  for  the  Color,  Paint,  Varnish,  Oil,  Soap  and  Drysaltery  Trades .  8vo,  *3  50 

Recipes  for  Flint  Glass  Making i2mo,  *4  50 

Redfem,  J.  B.    Bells,  Telephones  (Installation  Manuals  Series)  z6mo, 

(In  Press.) 

Redwood,  B.    Petroleum.    (Science  Series  No.  92.) i6mo,  o  50 

Reed's  Engineers'  Handbook 8vo,  *5  00 

Key  to  the  Nineteenth  Edition  of  Reed's  Engineers'  Handbook.  .8vo,  *3  00 

Useful  Hints  to  Sea-going  Engineers i2mo,  i  50 

Marine  Boilers i2mo,  2  00 

Reinhardt,  C.  W.    Lettering  for  Draftsmen,  Engineers,  and  Students. 

oblong  4to,  boards,  i  00 

The  Technic  of  Mechanical  Drafting oblong  4to,  boards,  *i  00 

Reiser,  F.    Hardening  and  Tempering  of  SteeL    Trans,  by  A.  Morris  and 

H.  Robson Z2mo,  ^2  50 

Reiser,  N.    Faults  in  the  Manufacture  of  Woolen  Goods.    Trans,  by  A. 

Morris  and  H.  Robson 8vo,  *2  50 

Spinning  and  Weaving  Calculations 8vo,  *5  00 

Renwick,  W.  G.    Marble  and  Marble  Working 8vo,  5  00 
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Reynolds,  0.,  and  Idell,  F.  £.    TripU  Expansion  Engines.    (Science 

Series  No.  99.) i6niOy       o  50 

Rhead,  G.  F.    Simple  Structural  Woodwork 12010,     ^z  00 

Rice,  J.  M.,  and  Johnson,  W.  W.    A  New  Method  of  Obtaining  the  Differ- 
ential of  Functions i2mo,        o  50 

RichardSy  W.  A  and  North,  H.  B.    Manual  of  Cement  Testing.  (In  Press.} 

Richardson,  J.    The  Modem  Steam  Engine 8vo, 

Richardson,  S.  S.    Magnetism  and  Electricity iimo, 

Rideal,  S.    Glue  and  Glue  Testing 8vo, 

Rings,  F.    Concrete  in  Theory  and  Practice xamo. 

Ripper,  W.    Course  of  Instruction  in  Machine  Drawing folio, 

Roberts,  F.  C.    Figure  of  the  Earth.    (Science  Series  No.  79.) i6mo, 

Roberts,  J.,  Jr.    Laboratory  Work  in  Elettrical  Engineering Svo, 

Robertson,  L.  S.    Water-tube  Boilers 8to, 

Robinson,  J.  B.    Architectural  Composition Svo, 

Robinson,  S.  W.    Practical  Treatise  on  the  Teeth  of  Wheels.    (Science 

Series  No.  24.) i6mo, 

— -  Railroad  Economics.     (Science  Series  No.  soO i6mo, 

Wrought  Iron  Bridge  Members.    (Science  Series  No.  6o.) i6mo, 

Robson,  J.  H.    Machine  Drawing  and  Sketching Sro, 

Boebling,  J  A.    Long  and  Short  Span  Railway  Bridges folio, 

Rogers,  A.    A  Laboratory  Guide  of  Industrial  Chemistry i2mo, 

Rogers,  A.,  and  Aubert,  A.  B.    Industrial  Chemistry 8to, 

Rogers,  F.    Magnetism  of  Iron  Vessels.    (Science  Series  No.  30.) . .  i6mo, 
Rohland,  P.    Colloidal  and  Cyrstalloidal  State  of  Matter.    Ttans.  by 

W.  J.  Britland  and  H.  E.  Potts z2mo, 

Rollins,  W.    Notes  on  X-Light 8vo, 

Rollinson,  C.    Alphabets Oblong,  .lamo,  {In  Press,) 

Rose,  J.    The  Pattern-makers*  Assistant 8vo, 

Key  to  Engines  and  Engine-running i2mo, 

Rose,  T.  K.    The  Precious  Metals.     (Westminster  Series.) 8vo, 

Rosenhain,  W.    Glass  Manufacture.    (Westminster  Series.) 8to, 

Ross,  W.  A.    Plowpipe  in  Chemistry  and  Metallurgy i2mo, 

Rossiter,  J.  T.    Steam  Engines.    (Westminster  Series.). . .  .8vo  (In  Press,) 

Pumps  and  Pumping  Machinery.     (Westminster  Series.).. 8vo  (/n  Press.) 

Roth.    Physical  Chemistry 8vo, 

Rouillion,  L.    The  Economics  of  Manual  Training 8to, 

Rowan,  F.  J.    Practical  Physics  of  the  Modem  Steam-boiler 8vo, 

Rowan,  F.  J.,  and  Idell,  F.  E.    Boiler  Incrustation  and  Corrosion. 

(Science  Series  No.  27.) i6mo, 

Roxburgh,  W.    General  Foundry  Practice 8to, 

Ruhmer,  E.    Wireless  Telephony.    Trans,  by  J.  Erskine-Murray 8to, 

Russell,  A.    Theory  of  Electric  Cables  and  Networks 8to, 

Sabine,  R.    History  and  Progress  of  the  Electric  Telegraph i2mo,  i  2s 

Saeltzer  A.    Treatise  on  Acoustics i2mo,  i  00 

Salomons,  D.    Electric  Light  Installations.     i2mo. 

Vol.   I.    The  Management  of  Accumulators 2  50 

Vol.  n.    Apparatus 2  25 

VoL  ni.    Applications i  50 

Sanford,  P.  G.    Nitro-explosives 8vo,  *4  00 
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Saunders,  C.  H.    Handbook  of  Practical  Mechanics i6mo, 

leather, 

Satinnier,  C.    Watchmaker's  Handbook lamo, 

Sayers^  H.  M.    Brakes  for  Tram  Cars 8vo, 

Scheele,  C.  W.    Chemical  Essays 8to, 

Schellen,  H.    Mag;neto-electric  and  Dynamo-electric  Machines 8vo, 

Scherer,  R.    Casein.    Trans,  by  C.  Salter 8to, 

Schidrowitz,  P.    Robber,  Its  Prodnction  and  Industrial  Uses 8vo,    *5  00 

Schindler,  EL    Iron  and  Steel  Constmction  Works. 

Schmall,  C.  N .    First  Course  in  Analytic  Geometry,  Plane  and  Solid. 

i2mo,  half  leather, 

Schmall,  C.  R.,  and  Shack,  S.  M.    Elements  of  Plane  Geometry i2mo, 

Schmeer,  L.    Flow  of  Water 8vo, 

Schumann,  F.    A  Msnnal  of  Heating  and  Ventilation i2mo,  leather, 

Schwarz,  E.  H.  L.    Causal  Geology 8vo, 

Schweizer,  V.,  Distillation  of  Resins 8vo, 

Scott,  W.  W.    Qualitative  Analysis.    A  Laboratory  Manual 8to, 

Scribner,  J.  M.    Engineers'  and  Mechanics'  Companion . . .  i6mo,  leather, 

Searle,  A.  B.    Modem  Brickmaking 8vo, 

Searle,  G.  M.    "  Sumners'  Method."    Condensed  and  Improved.   (Science 

Series  No.  124.) i6mo, 

Seaton,  A.  B.    Manual  of  Marine  Engineering 8vo, 

Seaton,  A.  E.,  and  Rounthwaite,  H.  M.    Pocket-book  of  Marine  Engineer- 
ing  i6mo,  leather,     3  00 

Seeligmann,  T.,  Torrilhon,  G.  L.,  and  Fakonnet,  H.    India  Rubber  and 

Gutta  Percha.    Trans,  by  J.  G.  Mcintosh 8vo, 

Seidell,  A.    Solubilities  of  Inorganic  and  Organic  Substances 8vo, 

Sellew,  W.  H.    Steel  Rails 4to  (/n  Press.) 

Senter,  G.    Outlines  of  Physical  Chemistry lamo, 

Textbook  of  Inorganic  Chemistry zamo, 

Sever,  6.  F.    Electric  Engineering  Experiments 8vo,  boards. 

Sever,  G.  F.,  and  Townsend,  F.    Laboratory  and  Factory  Tests  in  Electrical, 

Engineering 8vo, 

Sewall,  C.  H.    Wireless  Telegraphy 8vo, 

Lessons  in  Telegraphy lamo, 

Sewell,  T.    Elements  of  Electrical  Engineering 8vo, 

The  Construction  of  Djmamos 8mo, 

Sexton,  A.  H.    Fuel  and  Refractory  Materials i2mo, 

Chemistry  of  the  Materials  of  Engineering i2mo, 

Alloys  (Won-Ferrous) 8vo, 

The  Metallurgy  of  Iron  and  Steel 8vo, 

Seymour,  A.    Practical  Lithography 8vo, 

Modem  Printing  Inks 8vo, 

Shaw,  Henry  S.  H.    Mechanical  Integrators.    (Science  Series  No.  83.) 

i6mo, 

Shaw,  P.  E.    Course  of  Practical  Magnetism  and  Electricity 8vo, 

Shaw,  S.    History  of  the  Staffordshire  Potteries 8vo, 

Chemistry  of  Compounds  Used  in  Porcelain  Manufacture 8vo, 

Shaw,  W.  N.    Forecasting  Weather 8vo, 

Sheldon,  S.,  and  Hausmann,  E.    Direct  Current  Machines i2mo, 

Alternating  Current  Machines i2mo, 
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Sheldon,  S.,  and  Hausmann,  E.    Electric  Traction  and  Transmigsion 

Engineering lamo,     ^  50 

Sherri£f,  F.  F.    Oil  Merchants'  Manual zamo. 

Shields,  J.  E.    Rotes  on  Engineering  Construction zamo. 

Shock,  W.  H.    Steam  Boilers 4to,  half  morocco, 

Shreve,  S.  H.    Strength  of  Bridges  and  Roofs Sto, 

Shunk,  W.  F.    The  Field  Engineer Z2mo,  morocco, 

Simmons,  W.  H.,  and  Appleton,  EL  A.   Handbook  of  Soap  Manufacture. 

8vo, 

Simmons,  W.  H.,  and  Mitchell,  C.  A.    Edible  Fats  and  Oils 8to, 

Simms,  F.  W.    The  Principles  and  Practice  of  Leveling 8vo, 

Practical  Tunneling 8vo, 

Simpson,  G.    The  Naval  Constructor. . .  * zamo,  morocco, 

Simpson,  W.    Foundations 8vo,   {In  Press,) 

Sinclair,  A.    Development  of  the  Locomotive  Engine  • . .  8vo,  half  leather, 

Sinclair,  A.     Twentieth  Century  Locomotive 8vo,  half  leather, 

Sindall,  R.  W.    Manufacture  of  Paper.     (Westminster  Series.) 8vo, 

Sloane,  T.  O'C.     Elementary  Electrical  Calculations zamo. 

Smith,  C.  A.  M.    Handbook  of  Testing,  MATERIALS 8vo, 

Sznith,  C.  A.  M.,  and  Warren,  A.  G.    New  Steam  Tables 8vo, 

Smith,  C.  F.     Practical  Alternating  Currents  and  Testing 8vo, 

Practical  Testing  of  Dynamos  and  Motors 8vo, 

Smith,  F.  E.    Handbook  of  General  Instruction  for  Mechaziics zamo. 

Smith,  J.  C.    Manufacture  of  Paint 8vo, 

Sznith,  R.  H.    Principles  of  Machine  Work zamo, 

Elements  of  Machine  Work zamo, 

Smith,  W.    Chemistry  of  Hat  Manufacturing zamo, 

Snell,  A.  T.    Electric  Motive  Power 8vo, 

Snow,  W.  G.    Pocketbook  of  Steam  Heating  and  Ventilation.  (In  Press.) 
Snow,  W.  G.,  and  Nolan,  T.    Ventilation  of  Buildings.     (Science  Series 

No.  5.) z6mo, 

Soddy,  F.    Radioactivity 8vo, 

Solomon,  M.    Electric  Lamps.     (Westminster  Series.) 8vo, 

Sothern,  J.  W.    The  Marine  Steam  Turbine 8vo, 

Southcombe,  J.  E.    Paints,  Oils  and  Varnishes.    (Outlines  of  Indus- 
trial Cheznistry.) 8vo,  (In  Press.) 

Soxhlet,  D.  H.    Dyeing  and  Staining  Marble.    Trans,  by  A.  Morris  and 

H.  Robson 8vo,    ♦a  50 

Spang,  H.  W.    A  Practical  Treatise  on  Lightning  Protection zamo,       z  00 

Spangenburg,   L.    Fatigue    of   Metals.    Translated   by   S.   H.   Shreve. 

(Science  Series  No.  as.) z6mo,      o  50 

Specht,  G.  J.,  Hardy,  A.  S.,  McMaster,  J.B  .,  and  Walling.    Topographical 

Surveying.    (Science  Series  No.  7a.) z6mo, 

Speyers,  C.  L.    Text-book  of  Physical  Chemistry 8vo, 

Stahl,  A.  W.    Transmission  of  Power.     (Science  Series  No.  a8.) . . .  z6mo, 

Stahl,  A.  W.,  and  Woods,  A.  T.    Elementary  Mechanism zamo, 

Staley,  C,  and  Pierson,  G.  S.    The  Separate  System  of  Sewerage 8vo, 

Standage,  H.  C.    Leatherworkers'  Manual 8vo, 

Sealing  Waxes,  Wafers,  and  Other  Adhesives 8vo, 

Agglutinants  of  all  Sands  for  all  Purposes zamo, 

Stansbie,  J.  H.    Iron  and  Steel.     (Westminster  Series.) 8to, 
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Steinman,  B.  B.    Siupension  Bridges  and  CantUeven,     (Science  Series 

No.  127) o  50 

Stevens,  H.  P.    Paper  Mill  Chemist x6mo,  *a  50 

Stevenson,  J.  L.    Blast-Fumace  Calculations i2mo,  leather,  *2  00 

Stewart,  A.    Modem  Polyphase  Machinery x2mo,  *2  00 

Stewart,  G.    Modern  Steam  Traps lamo,  *i  25 

Stiles,  A.    Tables  for  Field  Engineers Z2mo,  z  00 

Stinman,  P.    Steam-engine  Indicator i2mo,  x  00 

Stodola,  A.    Steam  Turbines.    Trans,  by  L.  C.  Loewenstein 8to,  *5  00 

Stone,  H.    The  Timbers  of  Commerce 8to,  3  50 

Stone,  Gen.  R.    New  Roads  and  Road  Laws. i2mo,  z  00 

Stopes,  M.    Ancient  Plants 8to,  *2  00 

The  Study  of  Plant  Life 8vo,  *a  00 

Stumpf ,  Prof.    Una-Flow  of  Steam  Engine (In  Press.) 

Sudborough,  J.  J.,  and  James,  T.  C.    Practical  Organic  Chemistry. .  X2mo,  *2  00 

Suffling,  E.  R.    Treatise  on  the  Art  of  Glass  Painting 8vo,  *3  50 

Swan,K.    Patents,  Designs  and  Trade  Marks.     (Westminster  Series.).8vo,  *2  00 

Sweet,  8.  H.    Special  Report  on  Coal 8to,  3  00 

Swinburne,  J.,  Wordingham,  C.  H.,  and  Martin,  T.  C.    Eletcric  Currents. 

(Science  Series  No.  109.) i6mo,  o  50 

Swoope,  C.  W.    Practical  Lessons  in  Electricity i2mo,  *2  00 

Tailfer,  L.    Bleaching  Linen  and  Cotton  Yam  and  Fabrics 8vo,  *5  00 

Tate,  J.  S.    Surcharged  and  Different  Forms  of  Retaining-walls.     (Science 

Series  No.  7.) i6mo,  o  50 

Taylor,  E.  N.    Small  Water  Supplies lamo,  *2  00 

Templeton,  W.    Practical  Mechanic's  Workshop  Companion. 

i2mo,  morocco,  2  00 
Terry,  H.  L.    India  Rubber  and  its  Manufacture.     (Westminster  Series.) 

8vo,  *2  00 
Thayer,  H.  R.    Structural  Design.    8vo. 

VoL     I.    Elements  of  Structural  Design *2  00 

Vol.   n.    Design  of  Simple  Structures (In  Preparation,) 

Vol.  m.    Design  of  Advanced  Structures (In  PreparaHan.) 

Tliiess,  J.  B.  and  Joy,  G.  A.    Toll  Telephone  Practice 8vo,  *3  50 

Thom,  C,  and  Jones,  W.  H.    Telegraphic  Connections oblong  x2mo,  x  50 

Thomas,  C.  W.    Paper-makers'  Handbook (In  Press.) 

Thompson,  A.  B.    Oil  Fields  of  Russia 4to,  *7  50 

Petroleum  Mining  and  Oil  Field  Development 8vo,  *5  00 

Thompson,  E.  P.    How  to  Make  Inventions 8vo,  o  50 

Thompson,  S.  P.    Dynamo  Electric  Machines.    (Science  Series  No.  75.) 

x6mo,  o  50 

Thompson,  W.  P.    Handbook  of  Patent  Law  of  All  Countries i6mo,  x  50 

Thomson,  G.  8.    Milk  and  Cream  Testing l2ino,  *x  75 

Modem  Sanitary  Engineering,  House  Drainage,  etc.  8vo,  (In  Press,) 

Thomley,  T.    Cotton  Combing  Machines 8vo,  *3  00 

Cotton  Spinning.    8vo. 

First  Year ♦x  50 

Second  Year *2  50 

TWrd  Year ^2  50 

Thurso,  J.  W.    Modem  Turbine  Practice 8v0|  *4  00 
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Tidy,  C.  Meymott    Treatment  of  Sewage.    (Sdence  Series  No.  94.). 

i6mOy 

Tlniieyi  W.  H.    Gold-mining  Madiineiy 8vo, 

Titherley,  A.  W.    Laboratory  Course  of  Organic  Chemistry 8vo, 

Toch,  M.    Chemistry  and  Technology  of  Mixed  Paints Svo, 

Materials  for  Permanent  Painting ximo, 

Todd,  J.,  and  Whall,  W.  B.    Practical  Seamanship 8vo, 

Tonge,  J.    CoaL    (Westminster  Series.) Sto, 

Townsend,  F.    Alternating  Corrent  Engineering Svo,  boards 

Townsendy  J.    Ionization  of  Gases  by  Collision Svo, 

Transactions  of  the  American  Institute  of  Chemical  Engineers.    Svo. 

VoL     I.    1908 *6  00 

VoL    n.    1909 *6  00 

Vol.  m.    19x0 *6  00 

VoL  IV.    X911 ^6  00 

Traverse  Tables.    (Science  Series  No.  115.) z6mo, 

morocco, 
Trinks,  W.,  and  Housom,  C.    Shaft  Governors.     (Science  Series  No.  laa.) 

i6mo, 

Trowbridge,  W.  P.    Turbine  Wheels.    (Science  Series  No.  44.) z6mo, 

Tucker,  J.  H.    A  Manual  of  Sugar  Analysis Svo, 

Tumlirz,  O.    PotentiaL    Trans,  by  D.  Robertson lamo, 

Tunner,  P.  A.    Treatise  on  RoU-tuming.    Trans,  by  J.  B.  Pearse. 

Svo,  text  and  folio  atlas, 

Turbayne,  A.  A.    Alphabets  and  Numerals 4to, 

TurnbuU,  Jr.,  J.,  and  Robinson,  S.  W.    A  Treatise  on  the  Compound 

Steam-engine,     (Science  Series  No.  8.) x6mo, 

Turrill,  S.  M.    Elementary  Course  in  Perspective ximo,     *z  25 

Underbill,  C.  R.    Solenoids,  Electromagnets  and  Electromagnetic  Wind- 
ings  X2mo, 

Universal  Telegraph  Cipher  Code x2mo, 

Urquhart,  J.  W.    Electric  Light  Fitting x2mo, 

Electro-plating i2mo, 

Electrotyping Z2mo, 

Electric  Ship  Lighting x2mo, 

Vacher,  F.    Food  Inspector's  Handbook x2mo, 

Van  Nostrand's  Chemical  AnnuaL    Second  issue  1909 i2mo, 

r Tear  Book  of  Mechanical  Engineering  Data.   First  issue  X9X2 .  ..{In  Press.) 

Van  Wagenen,  T.  F.    Manual  of  Hydraulic  Mining i6mo, 

Vega,  Baron  Von.    Logarithmic  Tables 8vo,  half  morocco, 

Villon,  A.  M.    Practical  Treatise  on  the  Leather  Industry.    Trans,  by  F. 

T.  Addyman 8vo, 

Vincent,  C.    Ammonia  and  its  Compounds.    Trans,  by  M.  J.  Salter . .  Svo, 

Volk,  C.    Haulage  and  Winding  Appliances Svo, 

Von  Georgievics,  G.    Chemical  Technology  of  Textile  Fibres.    Trans,  by 

C.  Salter Svo, 

-^ —  Chemistry  of  Dyestuffs.    Trans,  by  C.  Salter Svo, 

Vose,  G.  L.    Graphic  Method  for  Solving  Certain  Questions  in  Arithmetic 

and  Algebra.     (Science  Series  No.  x6.) i6mo,      o  50 
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Wabner,  R.    Ventilation  in  Mines.    Trans,  by  C.  Salter 8to,  *4  50 

Wade,  £.  J.    Secondary  Batteries 8vo,  *4  00 

Wadmore,  T.  M.    Slementary  Chemical  Theory zamo,  *z  50 

Wadsworth,  C.    Primary  Battery  Ignition x2mo  (In  Press.) 

Wagner,  B.    Preserving  Fruits,  Vegetables,  and  Meat iimo,  *a  50 

Waldram,  P.  J.     Principles  of  Stmctmnd  Mechanics (In  Press.) 

Walker,  F.    Aerial  Navigation 8vo,  2  00 

Dynamo  Building.    (Science  Series  No.  98.) z6mo,  o  50 

Electric  Lighting  for  Marine  Engineers 8vo,  2  00 

Walker,  S.  F.    Steam  Boilers,  Engines  and  Turbines 8vo,  3  00 

Refrigeration,  Heating  and  Ventilation  on  Shipboard x2mo,  *2  00 

Electricity  in  Mining 8vo,  ♦$  50 

Walker,  W.  H.    Screw  Propulsion 8vo,  o  75 

Wallis-Tayler,  A.  J.    Bearings  and  Lubrication 8vo,  *i  50 

Aerial  or  Wire  Ropeways 8vo,  *3  00 

Modem  Cycles 8vo,  4  00 

Motor  Cars 8vo,  z  80 

Motor  Vehicles  for  Business  Purposes 8vo,  3  50 

Pocket  Book  of  Refrigeration  and  Ice  Making zamo,  z  50 

Refrigeration,  Cold  Storage  and  Ice-MaUng 8vo,  *4  50 

Sugar  Machinery z2mo,  ^2  00 

Wanklyn,  J.  A.    Water  Analysis Z2mo,  2  00 

Wansbrough,  W.  D.    The  A  B  C  of  the  Differential  Calculus z2mo,  *z  50 

Slide  Valves z2mo,  *2  00 

Ward,  J.  H.    Steam  for  the  Million 8vo,  z  00 

Waring,  Jr.,  G.  £.    Sanitary  Conditions.    (Science  Series  No.  3Z.). .  z6mo,  o  50 

Sewerage  and  Land  Drainage *6  00 

Waring,  Jr.,  G.  E.    Modern  Methods  of  Sewage  Disposal Z2mo,  2  00 

How  to  Drain  a  House z2mo,  z  25 

Warren,  F.  D.    Handbook  on  Reinforced  Concrete z2mo,  *2  50 

Watkins,  A.    Photography.    (Westminster  Series.) .8vo,  *a  00 

Watson,  E.  P.    Small  Engines  and  Boilers z2mo,  z  25 

Watt,  A.    Electro-plating  and  Electro-refining  of  Metals 8vo,  *4  50 

Electro-metallurgy z2mo,  z  00 

The  Art  of  Soap-making 8vo,  3  00 

Leather  Manufacture 8vo,  ^4  00 

Paper-Making 8vo,  3  00 

Weale,  J.    Dictionary  of  Terms  Used  in  Architecture z2mo,  2  50 

Weale's  Scientific  and  Technical  Series.     (Complete  list  sent  on  applica- 
tion.) 

Weather  and  Weather  Instruments Z2mo,  z  00 

paper,  o  50 

Webb,  H.  L.    Guide  to  the  Testing  of  Insulated  Wires  and  Cables. .  z2mo,  z  00 

Webber,  W.  H.  Y.    Town  Gas.     (Westminster  Series.) 8vo,  *2  00 

Weisbach,  J.    A  Manual  of  Theoretical  Mechanics 8vo,  *6  00 

sheep,  *7  50 

Weisbach,  J.,  and  Herrmann,  G.    Mechanics  of  Air  Machinery 8vo,  *3  75 

Welch,  W.    Correct  Lettering (In  Press.) 

Weston,  E.  B.    Loss  of  Head  Due  to  Friction  of  Water  in  Pipes  . . .  z2mo,  *z  50 

Weymouth,  F.  M.    Drum  Armatures  and  Commutators 8vo,  *3  00 

Wheatiey,  O.    Ornamental  Cement  Work (In  Press,) 
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Wheeler,  J.  B.    Art  of  War x2mOy  i  75 

Field  Fortifications zimoy  i  75 

Whipple,  S.    An  Elementary  and  Practical  Treatise  on  Bridge  Building. 

8to,  3  00 

Whithard,  P.    Illuminating  and  Missal  Painting i2mo,  x  50 

Wiicoz,  R.  M.    CantileTer  Bridges.     (Science  Series  No.  25.) x6mo,  o  50 

Wilkinson,  H.  D.    Submarine  Cable  Laying  and  Repairing 8vo,  ^6  00 

WiUiams,  A.  D.,  Jr.,  and  Hutchinson,  R.  W.    The  Steam  Turbine (In  Press,) 

Williamson,  J.,  and  Bladcadder,  H.  Surveying 8to,  {In  Press.) 

Williamson,  R.  S.    On  the  Use  of  the  Barometer 4tOy  15  00 

Practical  Tables  in  Meteorology  and  Hypsometery 4to,  2  5a 

Willson,  F.  N.    Theoretical  and  Practical  Graphics 4tOy  *4  00 

Wimperis,  H.  E.    Internal  Combustion  Engine Svo,  ^3  00 

Winchell,  N.  H.,  and  A.  R.    Elements  of  Optical  Mineralogy 8vo,  ^3  50 

Winkler,  C,  and  Lunge,  G.    Handbook  of  Technical  Gas- Analysis..  .Svo,  400 

Winslow,  A.    Stadia  Surveying.     (Science  Series  No.  77.) i6mo,  o  50 

Wisser,  Lieut.  J.  P.    Explosive  Materials.     (Science  Series  No.  70.). 

i6mo,  o  so 

Wisser,  Lieut.  J.  P.    Modem  Gun  Cotton.     (Science  Series  No.  89.)i6mo,  o  50 

Wood,  De  V.    Luminiferous  Aether.     (Science  Series  No.  85.) i6mo,  o  50 

Woodbury,  D.  V.    Elements  of  Stability  in  the  Well-proportioned  Arch. 

8vo,  half  morocco,  4  00 

Worden,  £.  C.    The  Nitrocellulose  Industry.    Two  Volumes 8vo,  ^xo  00 

Cellulose  Acetate 8vo,  (In  Press.) 

Wright,  A.  C.    Analysis  of  Oils  and  Allied  Substances 8vo,  ^^  50 

Simple  Method  for  Testing  Painters*  Materials 8vo,  *2  50 

Wright,  F.  W.    Design  of  a  Condensing  Plant x2mo,  *x  50 

Wright,  H.  E.    Handy  Book  for  Brewers. 8vo,  *5  00 

Wright,  J.    Testing,  Fault  Finding,  etc.,  for  Wiremen.     (Installation 

Manuals  Series.) x6moy  *o  50 

Wright,  T.  W.    Elements  of  Mechanics 8vo,  *2  50 

Wright,  T.  W.,  and  Hayford,  J.  F.    Adjustment  of  Observations. ....  8vo,  ^3  00 

Young,  J.  E.    Electrical  Testing  for  Telegraph  Engineers 8vo,  *4  00 

Zahner,  R.    Transmission  of  Power.    (Science  Series  No.  40.) i6mo, 

Zeidler,  J.,  and  Lustgarten,  J.    Electric  Arc  Lamps 8vo,  "^2  00 

Zeuner,  A.    Technical  Thermodynamics.    Trans,  by  J.  F.  Klein.    Two 

Volumes 8vo,  *8  00 

Zimmer,  G.  F.    Mechanical  Handling  of  Material 4to,  *xo  00 

Zipser,  J.    Textile  Raw  Materials.    Trans,  by  C.  Salter 8vo,  "^5  00 

Zur  Nedden,  F.    Engineering  Workshop  Machines  and  Processes.    Trans. 

by  J.  A.  Davenport. 8vo  *2  00 
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